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ABSTRACT
This research was conducted to examine the nature of the 
difference in resistance to blast under different water-management 
systems. Two cultlvars; M-201, susceptible, and Brazos, partially 
resistant to blast, grown in flooded and upland (unflooded) field 
plots were Inoculated with race IH-1 of Pyricularia oryzae in 1984 
and 1985. Final disease ratings on M-201 and Brazos averaged 77.6% 
and 39.8% under upland conditions and 1.1% and 0.1% under flooded 
conditions, respectively. When blasted plants in upland plots were 
flooded, the rate of blast development decreased on Brazos but 
changed little on M-201. No increase in disease was observed when 
flooded plots were drained. Air temperature, leaf-wetness period, 
and relative humidity in upland and flooded plots were similar or 
favored greater disease development under flooded conditions.
Total N and S content in leaf samples taken at intervals were 
greater under upland conditions than under flooded conditions. 
Silica, Mn, and Na content were higher in leaf samples from flooded 
plots. Phosphorus, K, Ca, Mg, Al, B, Cu, Fe and Zn content in leaf 
tissues did not differ significantly between the two conditions.
The site of appressorium formation and site of penetration by 
Z- oryzae on the leaf epidermis did not differ between plants grown 
under flooded, saturated, and moist soil conditions. The number of 
penetrated cells and the degree of intracellular hyphal growth in
xviii
the penetrated cells on Inner surfaces of leaf sheaths were reduced 
by flooding.
A computer program written to predict blast occurrence based on 
microclimate was tested with on-site microcomputers. The 
microcomputers collected data on air temperature, leaf wetness and 
relative humidity from upland and flooded rice plots, interpreted 
this information in relation to blast development and displayed 
daily blast units of severity (BUS) values. When cumulative BUS 
values, rather than time in days, were used to predict the logit of 
disease proportions, the accuracy of prediction was significantly 
improved. The system did not work where rice was flooded as flooded 
rice was resistant to leaf blast.
xix
CHAPTER X
EFFECTS OF WATER-MANAGEMENT ON RICE BLAST EPIDEMIOLOGY AND 
FLOODING-DEPENDENT RESISTANCE
ABSTRACT
This research was conducted to examine the nature of the 
difference in resistance in rice to blast under different 
water-management systems in the field. Two cultivars; M-201, 
susceptible, and Brazos, partially resistant to blast, were grown 
under upland (unflooded) and flooded conditions in 1984 and 1985 
inoculated with race IH-1 of Pyricularia oryzae at the early 
tillering stage of growth. Blast progressed rapidly in upland 
plots, but was greatly retarded in flooded plots. Final disease 
ratings for leaf blast on M-201 and Brazos averaged 67.4% and 48.2% 
under upland conditions and below 0.1 % under flooded conditions, 
respectively. Similar results were obtained in 1985. When blasted 
Brazos and M-201 in upland plots were flooded at the mid-tillering, 
mid-jointing or panicle emergence stages of growth, the rate of 
blast development decreased significantly on Brazos but changed 
little on M-201. No changes in disease progress were observed in 
either cultivar when flooded plots were drained at the 
mid-tillerlng, mid-jointing, or panicle emergence stages of growth.
The number of lesions per tiller and the number of conldia 
produced per lesion were significantly reduced under flooded
1
2conditions, but lesion size was similar under upland and flooded 
conditions. Flooding appeared to reduce the number of successful 
infections by oryzae and the amount of inoculum production.
The effect of water-management practices on the development of 
panicle blast varied with cultivar. Fifty to 100% of the panicles of 
M-201 were affected by rotten neck blast at maturity regardless of 
the irrigation practices used. Panicle blast on Brazos was 
significantly reduced by flooding, but the magnitude of the ■ 
reduction was not as great as that on leaf blast.
Yields agreed well with the severity of blast infection as 
affected by the different water-management practices. Yield loss 
due to blast in upland rice averaged 89.9% and 73.6% for M-201 and 
Brazos, respectively. Yield losses, mainly due to panicle blast, in 
flooded plots were 51.4% for M-201 and 13.7% for Brazos.
Microclimates measured in terms of ambient air-temperature, 
leaf-wetness period, and relative humidity in upland and flooded 
plots were similar or favored greater disease development under 
flooded conditions. Differences in blast development between upland 
and flooded conditions apparently were due to physiological changes 
in plants grown under the different conditions rather than to 
differences in microclimate under upland and flooded conditions. The 
physiological changes affected defense mechanisms associated with 
the infection process.
INTRODUCTION
Blast, caused by Pyricularia oryzae Cav., usually Is considered 
the principal disease of rice because of its wide distribution and 
its destructiveness (17). This pathogen causes leaf spots through 
mid-season and also affects panicles of mature plants. Under 
favorable environmental conditions young rice plants are often 
killed. Severe panicle infections at the later stage often 
devastate rice crops. In the early 1900's, Hemi (3,4) and Suzuki 
(21,22,23) reported repeatedly from a series of greenhouse 
experiments that rice plants grown in dry soil were more susceptible 
to blast than those grown in flooded soil. Suzuki suggested that an 
increase in the number of sllicated epidermal cells of plants grown 
under flooded soil was associated with the increased resistance. In 
the 1930's, rice seedlings grown in unflooded nurseries were 
reported to contain more nitrogen in their leaves than seedlings 
grown in a flooded nursery (16,25). Based on these observations, 
Otani (16) and Kozaka (13) assumed that increased nitrogen uptake by 
the plants grown in unflooded soil might be associated with the high 
level of susceptibility‘shown by those plants. A possible 
difference in microclimate between upland and flooded conditions 
also has been considered to be a cause of the difference in disease 
susceptibility (1). Despite the significance of these early 
observations, extensive field experiments have not been conducted to 
study the epidemiology of blast development over the various growth 
stages under upland and flooded conditions in the field.
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4Consequently, the differences In susceptibility between plants grown 
In dry and flooded soils still is not well understood (1,7).
This research was conducted to determine the nature of the 
differences in blast development under different water-management 
systems that included upland and flooded field conditions. 
Preliminary reports have been published on this research 
(8 ,9, 10, 11).
MATERIALS AND METHODS
Cultural practices. Two rice cultivars; M-201, susceptible, and 
Brazos, partially resistant to blast, were used throughout the 
study. The experiments were conducted at the Rice Research Station, 
Crowley, Louisiana in 1984 and 1985. Seeds were drill-planted in 
Crowley silt loam soil with a six-row planter spaced 18 cm apart at 
the rate of 112 kg/ha on May 11, 1984 and on May 6, 1985.
Fertilizer was applied at planting at a rate of 672 kg/ha of 
20-10-10 (N-p20^-K20). The herbicide propanil was applied for weed 
control at 3.7 kg ai/ha before the test area was permanently 
flooded. A split plot design was employed in the experiments by 
assigning water-management systems as main plots and the two test 
cultivars as subplots. In 1984, each subplot consisted of 28-row 
drill strips, 4.6 m long with 18 cm between rows. In 1985, plots 
consisted of 18-row drill strips, 6.1 m long with rows spaced 18 cm 
apart. The subplots in each main plot were separated by a 0.9 m 
alley. Main plots were isolated from each other by 1.5 m wide
5earthen levees or 6.1 m wide ditches. Irrigation and draining were 
independent for each main plot through 18 cm diameter PVC pipes 
connecting plots and Irrigation ditches. After planting, all plots 
were irrigated and drained periodically, to facilitate germination 
until the specific water-management treatments were applied.
Water Management treatments. Individual plots were subjected to one 
of the following four irrigation practices as treatments; 
continuously flooded, continuous upland, flooded changed to upland, 
and upland changed to flooded. In the flooded treatment, plots were 
maintained with a 5 to 15 cm flood from the 4 to 5 leaf stage until 
10 days before maturity. In the upland treatment, plots were flushed 
only when necessary to maintain soil moisture for plant growth 
throughout the season. For this purpose, upland plots were flushed 
on June 26, July 6, July 12, July 20, July 26, August 1, and August 
16 in 1984, and on June 10, June 24, July 3, July 15, July 24, and 
August 1 in 1985. In the 1984 experiment, the four treatments were 
completely randomized to main plots with three replications. The 
water treatments began 33 days after planting and changes of water 
management in the alternating treatments were made 4 wk after 
starting the irrigation treatments. In 1985, there were five 
additional treatments; fungicide sprayed check plots under both 
flooded and upland conditions, flooded treatment with 2x nitrogen; 
and two different times for converting from upland to flooded and 
flooded to upland, one at the mid-jointing stage and the other at 
panicle emergence. Each treatment had three replications. The
6irrigation treatments started 29 days after planting and changes of 
water management for alternate treatments were made at 34 and 48 
days after the beginning of treatments. Fungicide check plots were 
sprayed five times at 7 to 16 day intervals, starting 10 days after 
Inoculation, using 0.9 kg/ha tricyclazole (Beam 75 WP, manufactured 
by Eli Lilly; Elanco Products Co., Indianapolis, IN 46285). Double 
nitrogen plots received an additional 336 kg/ha of 25% ammonium 
sulfate prior to the beginning of the irrigation treatments.
Monitoring microclimate. Ambient air-temperature, hours of 
leaf-wetness, and hours of relative humidity above 90% under flooded 
and upland conditions were continuously monitored throughout both 
seasons using a CR-21 micrologger (manufactured by Campbell 
Scientific, Inc., Logan, Utah 84321) and two units of the BC-560 
datapods modified by manufacturer (Omnidata International, Inc., 
Logan, Utah 84321). Soil moisture was monitored in the unflooded 
plots using the CR-21 micrologger. Two weather stations were placed, 
each in adjacent upland and flooded plots, in the center of the test 
area. The micrologger was placed into the station in the upland 
plot. Temperature sensors; Campbell Scientific, Inc. model 101 
Thermistor, were attached to the micrologger and placed into each 
weather station. Leaf-wetness sensors; Campbell Scientific, Inc. 
model 231, were connected to the micrologger and placed into 
adjacent upland and flooded plots 38 cm above the soil surface in 
the plant canopy. A soil moisture block; Campbell Scientific Inc. 
model 221 Delmhorst, was buried 12cm deep in the upland plot. The
7micrologger was programmed Co collect data every 8 min and to store 
the data on a cassette recorder magnetic tape. Daily hours of high 
relative humidity were recorded from BC-560 modified datapod placed 
in each weather station. The datapods scanned relative humidity 8 
times per hour. The datapods were placed in each weather station. 
Temperature sensors were calibrated in the laboratory. Leaf wetness 
and relative humidity sensors were calibrated in the field during 
the period of seed germination. Differences between the sensors in 
the calibration period was 0 to 0.19 C for temperature and 0 to
1.4%, based on 0 (dry) to 100% (wet) scale, for leaf wetness. The 
daily number of high humidity hours were identical for the two 
datapods.
Inoculation and disease assessment. Plants in the field were 
inoculated with isolate 74L2 of race IH-1 of P. oryzae at 8 and 6 
days from the beginning of the irrigation treatments in 1984 and 
1985, respectively. A greenhouse-inoculated plant of M-201 having 
four susceptible type lesions was transplanted, as a point source of 
inoculum, into the center of each subplot except for the 
fungicide-sprayed control plots. Disease progress in each subplot 
was examined at 3 to 4 day intervals during the first month and at 7 
to 14 day intervals thereafter in 1984. In 1985, disease 
development was recorded at 7 day intervals. During the initial 
period of the epidemic, the number of susceptible type of lesions, 
type 4 or above on a 0 to 5 scale (5), per tiller was counted based 
on 30 tillers randomly selected in each subplot and marked with
8garden, stakes at the beginning of the experiment. As disease 
progressed and the number of lesions increased, this method became 
difficult and time consuming. Percent diseased leaf area per tiller 
was then estimated with a rating scale based on 0 (0%) to 10 (100%). 
The number of lesions per tiller examined at the initial period of 
the epidemic was converted into the percentage of diseased leaf area 
per tiller by dividing the product of average lesion size multiplied 
by the number of lesions per tiller with average leaf area per 
tiller. Along with the disease assessment the number of lesions per 
unit area, lesion size, leaf area per tiller and plant height were 
independently recorded in each treatment based on 15 to 27 plant 
samples taken from the field at the time of disease assessment. 
Lesion size was determined by multiplying lesion length by lesion 
width from the susceptible type lesions. Total leaf area per tiller 
was obtained by summing one half of the product of leaf length 
multiplied by maximum leaf width from each leaf. Plant height was 
measured as maximum vertical length of the tiller from the soil 
surface when all leaves were extended vertically. Apparent 
infection rates (r) of the epidemics in each subplot were calculated 
for the period from the first disease assessment (X^) to final 
disease severity (X^j in 1984 and X^ in 1985). This was performed by 
a linear regression of loge [X/(1-X)] with time in days, where X was 
the proportion of diseased tissue (24). In order to monitor the 
development of new infections in each treatment, new lesions on the 
upper two leaves were counted at 4 to 5 day intervals, beginning 35 
days after Inoculation on the 10 pre-marked tillers per subplot in
91985. The pale-gray young lesions surrounded by water-soaked 
margins were easily distinguished from mature lesions which had a 
purplish-brown border. In 1984, the number of new lesions was 
counted once at 49 days after inoculation on the upper two leaves 
using 90 randomly selected tillers per subplot. Development of 
panicle blast in each treatment was examined twice, at full panicle 
emergence and at maturity, in both 1984 and 1985. The number of 
rotten-neck infections was recorded on the total of 100 tillers 
sampled at five locations in each subplot. The percentage of 
panicle branch infections was examined only on the sample tillers 
without rotten-neck infections. Panicle blast severity was then 
determined by adding the two values.
Collection of conldia. The conidia of oryzae were collected from 
susceptible type lesions on plants in flooded and upland plots. A 
25 ml Erlenmeyer flask having two vertical side arms, 35 mm long and 
5 mm in diameter attached at 0.2 and 3.5 cm from the bottom of the 
flask was used to collect conidia from the lesions. A tapered inlet 
tube, 1.5 cm long and 0.1 cm in terminal diameter, was connected to 
the lower side arm and inclined at an angle of 60 degree. A 12 
cm-long Pasteur pipet was connected to the other end of the lower 
side arm using a rubber tube, 15 cm long and 0.4 cm in diameter.
The upper side arm was extended to a mouth-piece by a rubber tube.
At each spore collection, 7 ml of sterile distilled water was put 
into the flask to use as a holding medium for conidia. The terminal 
of the inlet tube was submerged in the water and the mouth of the
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flask was sealed with a rubber cork. Collection of the conidia was 
accomplished by gently rubbing the surface of each lesion with the 
point of the Pasteur plpet while sucking the mouth-plece attached to 
the vacuum flask. By this procedure, conidia on the surface of each 
lesion were sucked through the Pasteur plpet via the Inlet tube Into 
the water. Conidia were collected from 30 randomly chosen lesions 
per subplot for each sample. Between spore collections, the flask 
was thoroughly washed with distilled water and the Pasteur plpet and 
rubber tube were replaced. Conidia number in each suspension was 
determined using a hemacytometer and a light microscope (19). 
Collections were made on four different dates for each cultlvar 
starting 21 days after inoculation in 1984. In 1985 the collections 
were made 3 times with M-201 and 4 times with Brazos starting 16 
days after inoculation.
2
Yield. Two center areas of 0.84 m per subplot were harvested by 
hand on September 3, 1984 for determining yield. In 1985, 4.9 m of 
the eight center rows in each subplot was harvested with a 
small-plot combine on September 18. Weights of harvest samples 
were adjusted to 12% moisture with a Burrows digital moisture meter 
and yield in kg/ha was calculated.
Data analysis. The data were analyzed using a Statistical Analysis 
System (SAS) from the IBM 3081 main frame computer in the Louisiana 
State University, System Network Computer Center. The significance 
of main plot and subplot effects and their interactions for leaf
11
blast, panicle blast, and yield was examined using a standard 
analysis of variance technique for split-plot design (20). In the 
presence of significant factor effects, least significant difference 
(LSD) test or Tukey's honest significant difference (HSD) test was 
then employed to compare the treatment means. When there was a 
significant interaction effect between main plot and subplot 
treatments, main plot effect (water-management practices) was 
separately analyzed for a given subplot treatment (cultivar). For 
comparisons between upland and flooded treatments only, paired 
t-test was also used to determine the significance of differences 
between means.
RESULTS
Blast development. There were major differences in blast 
development between upland and flooded plots (Fig. 1 and 2).
Disease progressed rapidly in upland plots, but was greatly reduced 
in flooded plots regardless of year and cultivar. Final disease 
severity and its analysis of variance in the 1984 and 1985 
experiments are shown in Tables 5 to 8 in the Appendix. Final 
disease severity for the cultivars M-201 and Brazos in upland plots 
averaged 67.4 and 48.2% in 1984 (Fig. 1A-B), and 87.8 and 31.5% in 
1985 (Fig. 2A-B), respectively. In flooded plots, average final 
disease severity was less than 0.1% for both cultivars in 1984, and 
was 2.1% for M-201 and less than 0.1% for Brazos in 1985* Blast 
progress under flooded conditions in 1984 is shown in Figure 3. The
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number of Infections in flooded plots increased until 18-21 days 
after inoculation, with the highest number of lesion? reaching 
7.6/tiller for M-201 and 2.4/tiller for Brazos, but lesion 
production decreased gradually thereafter (Pig. 3). In 1985, 
similar results were obtained with Brazos, but blast development on 
M-201 in flooded plots was significantly increased compared to 1984, 
with the highest disease of 4.8% at 21 days after inoculation. 
Apparent infection rates (r) of P. oryzae on M-201 and Brazos in 
upland plots averaged 0.16 and 0.13 unit/day in 1984, and 0.14 and
0.12 unit/day in 1985, respectively. Since flooded plots did not 
have appreciable amounts of disease, apparent infection rates for 
those plots were not calculated. When upland plots were flooded at 
early, mid- or late stages of epidemic; that is 21, 28, and 44 days 
after inoculation, further development of blast on the cultivar 
Brazos was greatly decreased after short lag periods. In this 
cultivar, new leaves emerged rapidly from the blasted plants shortly 
after upland plots were flooded, and the emerged leaves had little 
blast infection. Decrease in blast development on this cultivar 
became apparent at 7 to 14 days after flooding. M-201 reacted 
differently from Brazos. Disease development on M-201 slowed to 
some extent at 7-14 days after flooding the upland plots, but 
disease then continued to progress, in some cases at near the 
preflooding rate. This was apparently because the newly emerged 
leaves of M-201 were also extremely susceptible to blast and M-201 
was continuously infected for the remaining portion of the growing 
season. In the case of the alternate treatment going from flooded to
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upland conditions, no appreciable changes in disease progress 
occurred after flooded plots were drained. Since upland conditions 
stimulated disease development with both cultivars, some Increase in 
disease was expected after flooded plots were drained and changed to 
upland conditions. Nevertheless, disease development in this 
treatment remained virtually the same as that of the continuous 
flooded treatment throughout the season with both cultivars.
In the 1984 experiments, difference in leaf color between 
plants grown in flooded and upland plots was observed, particularly 
at the early stage of growth. The plants grown in upland plots were 
somewhat darker green than those in flooded plots. When leaves from 
upland and flooded plots were analyzed, total nitrogen content was 
higher in leaf tissues from upland plots (12). Based on this 
observation, a double rate of nitrogen application to the flooded 
plants was included as a treatment in the 1985 experiment to examine 
the effects of nitrogen. Application of a double rate of nitrogen in 
the flooded plots increased blast development only slightly with the 
maximum disease ratings of 9% with M-201 but did not affect Brazos 
(Fig. 2A-B). Further, the pattern of disease progress in this 
treatment did not differ greatly from that of the continuous flooded 
treatment with a normal rate of nitrogen.
Although the fungicide Beam was applied regularly to control 
blast in the fungicide control plots, it was not possible to 
maintain those plots completely free from blast, especially the 
upland plots of M-201 (Fig. 2A-B). The disease severity in upland 
fungicide control plots averaged 5.1% for M-201 and 1.8% for Brazos,
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over the season. In the flooded plots, blast development was 
suppressed relatively well by spraying fungicide, and averaged below 
2% for M-201 and less than 0.2% for Brazos throughout the season.
Humber of lesions and lesion size. Plants grown in flooded plots 
produced only about 3-17% of the lesions produced by plants in 
upland plots (Table 1). Brazos was particularly resistant under 
flooded conditions and produced an average of less than two lesions 
per tiller in both seasons. M-201 developed more lesions than 
Brazos in both upland and flooded conditions. Under flooded 
conditions, M-201 produced only about four lesions per tiller in 
1984, but the number of lesions increased until it was recorded as 
the percentage of tissue diseased in 1985. Blast was generally more 
severe in 1985 than in 1984 and more lesions developed on both 
cultivars, particularly under upland conditions. The size of 
lesions did not differ significantly between upland and flooded 
treatments for either cultivar. Lesions on Brazos, however, were 
slightly larger than those on M-201.
Development of new lesions was monitored in 1985 to examine the 
precise effect of irrigation practices on blast, especially for the 
alternate treatments with changes from flooded to upland or from 
upland to flooded. Development of new lesions was markedly reduced 
in flooded plots for both cultivars (Table 2). Usually less than 
one new lesion per tiller was observed in flooded plots at each 
examination time. In upland plots, the mean number of new 
infections per tiller ranged from 7.4 to 14.8 on M-201 and 3.7 to
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9.3 on Brazos, depending on the day of examination. It was observed 
that development of new lesions gradually decreased on Brazos as the 
season progressed. This trend was not apparent on M-201. The two 
cultivars differed in their reaction when upland plots were changed 
to flooded plots. The rate of development of new infections on 
Brazos markedly decreased after flooding and became similar to that 
of the permanently flooded plots. In contrast, development of new 
infections on M-201 decreased slightly when the plots were flooded, 
but the rate remained near the preflooding rate.
There was no increase in number of new infections when flooded 
plots of either cultivar were drained. Changes in development of new 
lesions on Brazos and M-201 over the growth stages for various 
water-management treatments are shown in Fig. 2 in the Appendix.
Production of conidia. During the experiments, some differences in 
lesion type between plants in upland and flooded plots were 
observed, especially with Brazos. The lesions that developed on 
plants in upland plots were more gray in appearance and usually had 
heavy sporulation. Spore collections were conducted to quantify 
these observations. Significant differences in conidial production 
were found between lesions that developed in upland and flooded 
conditions (Table 3). Two to four times more conidia per lesion were 
collected from lesions on plants in upland plots than in flooded 
plots in both years. The number of conidia collected per lesion, 
however, varied greatly with the date when the specific collection 
was made. For instance, in the 1984 collections, the number of
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conidia per lesion collected from Brazos plants varied from 3*400 to 
12*700 in flooded plots* and 5*200 to 14*200 in upland plots, 
depending on the sampling date. Large difference In the number of 
conidia collected from Brazos plants grown in upland plots between 
1984 and 1985 was mainly due to the variability caused by sampling 
date. This variability is reflected in large LSD values in Table 3. 
Analysis of the data also indicated the presence of significant 
effects of sampling date along with significant treatment effects. 
However, there were no significant interaction effects between 
treatment and collection date.
Panicle blast development. Blast infections of panicles were 
examined twice in both the 1984 and 1985 seasons. The data obtained 
from the final observations are shown in Table 4. Panicle blast 
infections were generally more severe in 1984 than in 1985. This 
was the opposite of leaf blast infections that were generally more 
severe in 1985. The cultivar M-201 was extremely susceptible to 
panicle blast under either upland or flooded conditions. Regardless 
of water-management treatment used* nearly 100% of M-201 panicles 
were affected by rotten-neck blast in 1984. In 1985, it was not 
possible to obtain panicle blast data on M-201 plants from upland 
plots and from the plots changed from upland to flooded conditions. 
In these treatments few plants survived due to severe leaf blast 
infections and there was little panicle emergence. Based on the 
available data, panicle blast infections on this cultivar did not 
differ significantly among water-management treatments. The
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fungicide sprayed-check plots had no Infections. M-201 was resistant 
to leaf blast but not panicle blast in the flooded plots. In 
contrast, water-management practices significantly affected the 
development of panicle blast on Brazos. Flooding appreciably reduced 
panicle blast infections on Brazos in both seasons. Panicle blast 
under upland conditions was about four times that of plants grown 
under flooded conditions in 1985. Flooding of the upland plots at 
mid- or late- season also reduced panicle blast infections to some 
extent. The reduction in panicle blast in this irrigation treatment 
was barely significant in the 1984 experiment. Draining the flooded 
plots at mid- or late-season did not appreciably affect the 
development of panicle blast in either season. The pattern of 
response of Brazos to water-management practices was similar for 
both leaf blast and panicle blast. Application of 2x nitrogen rate 
in flooded plots caused an increase in panicle blast infections with 
both cultivars. The increase, however, was significant only for 
Brazos. The fungicide sprayed-control plots had virtually no 
panicle infections under either flooded or upland conditions.
Yield. Yield of Brazos and M-201 was significantly affected by the 
differences in blast due to the different water-management practices 
(Table 5). Analysis of variance for yields in the 1984 and 1985 
experiments is shown in Tables 9 and 10 in the Appendix. The highest 
yields were obtained from the fungicide-sprayed, flooded plots.
These plots were virtually free from either leaf blast or panicle 
blast throughout the season. The flooded plots yielded 48.6 and
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86.3% of the yields obtained from flooded, sprayed plots of M-201 
and Brazos, respectively, in 1985. The differences in yield betweep 
flooded and flooded fungicide-sprayed plots were due largely to the 
panicle blast infections that occurred in flooded plots. This yield 
loss was calculated as 51.4% for M-201 and 13.7% for Brazos. Yields 
of both cultivars in upland plots were drastically reduced and were 
only about 5 to 14% of those of flooded plots, depending upon year 
and cultivar. However, the reduced yields in upland plots could be 
due to both the blast and the physiological stress of plants grown 
in upland conditions. The losses due to blast alone in upland 
conditions was estimated from the yield differences between upland 
and upland fungicide-sprayed check plots. These were calculated as 
89.9% for M-201 and 73.6% for Brazos in 1985.
The yields of plants in plots changed during the crop season 
from flooded to upland conditions were reduced somewhat compared to 
those of permanently flooded plots with both cultivars, regardless 
of the stage of growth when the treatment change took place. The 
reduction in yield was only significant in the case of M-201 in the 
1984 experiment. No significant differences in blast were observed 
between these two treatments, so the differences in yield are 
attributed to the changed irrigation practices.
The yields from plants in plots changed from upland to flooded 
conditions reflected the differential pattern of blast development 
on M-201 and Brazos in those plots. The blasted Brazos plants 
recovered rapidly from the disease when the upland plots were 
flooded. Correspondingly, yields of plants in these plots increased
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markedly and were 3 to 7 times the yields from plants In upland 
plots. In contrast to Brazos, M-201 was continuously Infected with 
blast even after flooding the upland plots. The yields of M-201 in 
these plots did not differ significantly from the yields in upland 
plots in both seasons. The flooded plots having a double nitrogen 
rate yielded less with both cultivars, compared to flooded plots 
with a normal rate of nitrogen. The difference waB, however, only 
significant with M-201. This was due partly to the increase in both 
leaf and panicle blast infections after application of additional 
nitrogen.
Physical environment. Microclimate conditions in upland and flooded 
rice plots are listed in Tables 1 to 4 in the Appendix, and are 
summarized in Table 6* Differences in daily minimum, maximum, and 
mean ambient air-temperatures between upland and flooded areas were 
all within 1 C. Average dally minimum temperature was identical for 
the two conditions in 1984, but was slightly lower in flooded plots 
in 1985. Average daily maximum temperature was always higher in 
upland plots with differences of 0.6 and 0.9 C in 1984 and 1985.
The daily mean temperature was slightly higher under upland 
conditions than in flooded plots, due to the higher maximum 
temperature. The daily minimum temperature occurred between 6 and 8
a.m. and the maximum temperature occurred between 2 and 4 p.m., 
regardless of water treatment. On sunny days, the temperature was 
usually higher in upland plots than in flooded plots during the 
day-time hours of 10 a.m. to 6 p.m.. There was no difference in the
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daily time to reach minimum and maximum temperatures between upland 
and flooded plots.
Duration of leaf wetness periods was similar between flooded 
and upland conditions in 1984, but was significantly longer in 
flooded plots in 1985. The dally leaf-wetness period in upland plots 
started between 6 p.m. and 11 p.m., depending upon the particular 
day, and ended between 6 a.m. and 11 a.m. the next morning. In 
general, the typical daily leaf-wetness period in upland plots was 
from around 8 p.m. till 9 a.m. the next day. During the 1985 
season, leaf-wetness period in flooded plots was typically from 7 
p.m. to 10 a.m. the next day. The reason for year to year difference 
in leaf-wetness period between upland and flooded conditions was not 
clear. Since daily minimum and maximum temperature, relative 
humidity, rain fall, and soil moisture conditions in upland plots 
varied greatly between 1984 and 1985, these differences and possible 
difference in other weather factors, such as wind and period of 
sunshine, might cause the variation in leaf-wetness period between 
1984 and 1985 in flooded and upland plots.
The mean daily period of high relative humidity (RH>90%) was 
about 6 and 4 hours longer in flooded plots than in upland plots in 
1984 and 1985, respectively. Higher relative humidity under flooded 
conditions apparently was due in part to the heavier canopy 
formation in flooded plots. The microclimate data suggest that the 
conditions in flooded plots were equal to or even more favorable for 
blast development than were conditions in upland plots.
Soil moisture potentials in upland plots averaged 11.8 bar in
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1984 and 4.8 bar in 1985 (Table 6). Changes in soil moisture 
potentials in upland plots in the 1984 and 1985 growing seasons are 
shown in Fig. 1 in the Appendix.
Agronomic growth of plants. Plant height and leaf area of the 
plants grown in flooded and upland plots were examined at intervals 
in 1984 and 1985. Since the results were similar in both years, 
only the data obtained from the 1984 season are shown in Figure 4. 
The height of plants and leaf area per tiller were markedly greater 
in flooded plots with both cultivars. The height of plants grown in 
upland plots averaged 85 and 78% of that of plants in flooded plots 
for M-201 and Brazos, respectively (Fig. 4A). The differences in 
height became greater as the season progressed. The number of leaves 
per tiller did not differ significantly between upland and flooded 
conditions, but the size of leaves was significantly greater under 
flooded conditions. For this reason, average leaf areas per tiller 
in upland plots were about 77 and 72% of those of flooded plots for 
M-201 and Brazos, respectively (Fig. 4B). These differences also 
became greater as the season advanced. The time to reach different 
stages of plant growth was different between upland and flooded 
plots. This might be due either to blast infections or the 
irrigation practices. Based on observations of the time of booting 
and heading in the 1984 season, developments of the plants grown in 
upland plots were delayed about 7-10 days for M-201 and 10-12 days 
for Brazos when compared to flooded plots.
DISCUSSION
Observations have been reported since the early 1900's that 
rice plants grown In unflooded soil are more susceptible to blast 
than the plants grown in flooded soil (3.7,15*21). This study 
confirms those observations through field experiments conducted 
under controlled water-management conditions. Two cultivars 
genetically susceptible to blast under upland conditions showed 
partial resistance (sensu Parlevllet) (18) when grown under flooded 
conditions. The resistance of plants grown under flooded conditions 
was reflected in a reduction in the number of infections rather than 
a reduction in lesion size. The resistance of plants grown under 
flooded conditions was also associated with a reduction in the 
number of conidia produced on developed lesions.
Reduced blast incidence under flooded conditions was thought to 
be due to unfavorable physical environments for blast development 
,(1). When microclimate factors under flooded and upland conditions 
were compared with disease development in our tests, these factors 
varied little between the two water-management conditions or would 
be expected favored blast development under flooded conditions. 
Further, the canopy of rice plants formed more quickly and more 
heavily, due to vigorous growth, in flooded plots. This suggests 
that microclimate factors offer no explanation for the difference in 
blast development on rice grown under unflooded or flooded 
conditions.
The reduction in the number of infections by flooding and the
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effect on conidia production on a susceptible cultivar suggests that 
physiological changes in the plants, related to flooded conditions 
in the soil, affect defense mechanisms in the plants and mediate the 
partial resistance. Based on observations of lesion development on 
plants under flooded conditions, resistance appeared to increase 
gradually after flooding until a certain point and was fully 
effective in controlling successful Infections thereafter. When 
flooded plots of both M-201 and Brazos were drained and maintained 
under upland conditions as early as the mid-tillering stage (29 days 
after flooding), both cultivars were resistant to blast and this 
resistance remained effective under upland conditions throughout the 
rest of the season. In spite of the fact that lesion number was 
reduced under flooded conditions with both M-201 and Brazos, the 
cultivar M-201 developed more lesions, often several fold more, than 
Brazos. In 1985, M-201 plants grown under flooded conditions were 
infected with blast, while Brazos virtually remained uninfected. The 
difference between these two cultivars was apparently due to 
differences in the level of inherent resistance.
Higher level of blast infections on M-201 in flooded plots in 
1985 may have been due to differences in the period of flooding and 
in the growth stage of plants at the time of inoculation between the 
two seasons. The flooding period was 2 days shorter in 1985 and 
plants were Inoculated a week earlier in 1985 than in 1984. The 
shorter flooding period and younger plants might have caused the 
greater level of infection on M-201 in the 1985 flooded plots. 
Supporting evidence for this speculation was obtained from
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preliminary experiments in the greenhouse. Development of lesions 
on M-201 was closely related to the length of flooding period and 
the age of plants at the time of inoculation. In addition, the 
microclimate in various plots early in the 1985 season, shortly 
after inoculation, appeared to be more favorable to blast 
development than did microclimate conditions in 1984.
The cultivar M-201 was selected as a test cultivar because it 
is said to have little or no resistance to blast. Brazos was 
selected because it is susceptible to several blast races, including 
the race used to inoculate plots in these tests, but has some degree 
of partial resistance (14). When blasted upland plots of Brazos were 
flooded, the cultivar became resistant after a short lag period and 
quickly recovered from the disease. When upland plots of M-201 were 
flooded, the cultivar’s resistance level increased only slightly and 
the rate of disease development did not decrease appreciably. This 
suggests that levels of partial resistance of rice cultivars and 
lines might be compared by growing them in nurseries under upland 
conditions until an epidemic is established and then flooding the 
plots and comparing the recovery of plants from blast over time.
The responses of M-201 and Brazos were consistent irrespective of 
the three different growth stages of plants when the plants were 
flooded. The disease severities at the three stages; that 1b , 
mid-tillering, mid-jointing, and panicle emergence were 14, 28, and 
58% for M-201 and 18, 22, and 35% for Brazos, respectively. This 
indicates that the differential response of the two cultivars was 
not related to differences in disease severity at flooding, but was
25
due to the inherent characteristics of the cultivar*s that were 
consistent over the growth stages.
There are few studies of the effects of flooding on development 
and severity of panicle blast. Such studies require relatively long 
periods of time and are difficult to conduct in a greenhouse. 
Consequently, little Information is available to date. This study 
clearly reveals that the effect of flooding on panicle blast was not 
the same as flooding effects on leaf blast. This was evident from 
the observation in 1984 that M-201 plants, highly resistant to leaf 
blast in flooded plots and with less than 0.1% leaf blast severity, 
were still Infected 100% with panicle blast. However, the effect of 
flooding on panicle blast largely depends upon the level of 
resistance in the specific cultivar. Unlike M-201, flooding 
affected panicle blast development on Brazos in a pattern similar to 
the effects of leaf blast, although the magnitude of the inhibitory 
effect of flooding on panicle blast was far less than its effect on 
leaf blast. Suzuki reported in 1933, according to Kozaka (13), that 
draining a rice paddy caused an increase in panicle blast on rice. 
This observation is similar to that obtained with Brazos. The 
reason for differences in the response of M-201 to flooding with 
respect to panicle blast and leaf blast is not clear. However, 
based on the observation on Brazos that flooding had a relatively 
low inhibitory effect on panicle blast, compared to its effect on 
leaf blast, the lack of flooding effects on panicle blast 
development on M-201 could be due to the low level of inherent 
resistance exhibited by M-201.
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Differential responses of rice cultivars to leaf blast and 
panicle blast infections have been previously reported (2,6). The 
mechanism for this difference has not been identified. This study 
suggests that the different responses exhibited by different 
cultivars is due to an environmentally influenced resistance factor. 
Severities of leaf blast infection on both cultivars used in this 
study were correlated with severity of panicle blast infection under 
upland condition but not under flooded conditions.
Differences in nitrogen uptake by plants grown under flooded 
and upland conditions have been proposed as a major physiological 
change associated with differences in development of blast (13,16). 
In this study, doubling the rate of nitrogen under flooded 
conditions resulted in a slight increase in leaf blast only with 
M-201 and for panicle blast infections with both cultivars.
Nitrogen analyses of leaf samples taken over several growth stages 
from upland, flooded with lx N and flooded with 2x N plots showed 
that nitrogen content in leaves from flooded plots with lx N or with 
2x N was sometimes, particularly in the early growth stages of 
Brazos plants in 2x N plots, similar to those from upland plots. 
Despite these measurements, Brazos plants in flooded plots with 2x N 
had little blast infections. This suggests that the difference in 
blast susceptibility of plants grown under upland and flooded 
conditions can not be explained entirely with the predisposition 
hypothesis of differences in nitrogen uptake. Detailed results and 
a full discussion of the relationship between blast development and 
nitrogen, silica, and 12 other minerals in leaves are reported
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separately (12).
Based on 1985 yield results, the total benefit in yield 
obtained from flooding the rice plants In the absence of blast, or 
with complete blast control, was estimated as 3.6 and 4.1 t/ha for 
Brazos and M-201, respectively. This was the difference in yields 
of fungicide-sprayed upland and flooded check plots. In the presence 
of blast without any control measure, flooding gave benefits 
estimated as 4.9 t/ha for Brazos and 2.6 t/ha for M-201. These 
values were obtained from the difference in yield between upland and 
flooded plots. The benefits from flooding with Brazos is greater in 
the presence of blast, because flooding effectively controlled both 
leaf and panicle blast infections on this cultivar with partial 
resistance. Flooding M-201 gave lesser yield increases in the 
presence of blast due to the failure of this practice to control 
panicle blast. This indicates that flooding may be an effective 
control measure for leaf blast. Flooding may not, however, be 
sufficient to control panicle blast, which has a greater effect on 
yield in very susceptible rice cultivars. In commercial fields, one 
or two application of a fungicide at the panicle emergence stage may 
supplement flooding-mediated resistance and insure a good yield.
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Table 1. Mean number of lesions of Pyrlcularia oryzae per tiller and 
mean lesion size produced on the cultivars Brazos and M-201 grown In 
upland and flooded field plots at Crowley, Louisiana In 1984 and 1983
Growing Wa t er-management
Mean
// leBions/tillera
Mean 2 . 
lesion size (cm )
season treatment Brazos M-201 Brazos M-201
1984 Upland 24.8 26.4 .081 .058
Flooded 1.8 4.4 .071 .054
LSD.05 7.8 8.4 .029 .022
1985 Upland 39.7 62.3 .111 .079
Flooded 1.2 10.6 .109 .088
LSD.05 7.7 7.6 .030 .021
3 Based on a total of 292 to 315 tillers of each cultlvar sampled 
nine times at 3 to 7-day intervals in 1984 and sampled five times 
at 7-day intervals in 1985.
^ Based on a total of 386 to 693 lesions on each cultlvar sampled 
seven times at 3 to 4-day intervals in 1984 and sampled three times 
at 7-day intervals in 1985.
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Table 2. Mean number of new Infections by Pyricularia oryzae per 
tiller detected on upper two leaves of the cultlvars Brazos and M-201 
grown In field plots under different water-management practices at 
Crowley, Louisiana in 1984 and 1985
______Humber of new_lnfections/tlller______
Water-management ,
treatment  1984a 1985°
Brazos M-201 Brazos M-201
Continuous upland 4.2 10.7 7.6 11.4
Upland to flooded 1.2 5.9 1.6 9.6
Continuous flooded .3 .6 .1 .7
Flooded to upland .2 .5 .1 .5
HSI)C 0.05 2.0 5.1 1.4 3.0
a Based on 90 tillers per subplot examined at 28 days after treatment 
change.
^ Based on 10 pre-marked tillers per subplot examined five times at 4 
to 7-day intervals starting from 7 days after treatment change.
Obtained from Tukey's studentized range test.
33
Table 3. Mean number of conidla of Pyricularia oryzae per lesion 
when collected from randomly chosen lesions on the cultivars M-201 
and Brazos grown in upland and flooded field plots at Crowley, 
Louisiana in 1984 and 1985
Water-  Number of conidia/lesion
management .
treatment   1984a_______  1985
Brazos M-201 Brazos M-201
Upland 9,700 10,700 20,000 11,900
Flooded 4,500 4,600 4,800 5,200
LSD0.05 3,400 4,740 11,690 4,100
£
Collections of conidla were made on 30 lesions on at 12,18,20,23, 
and 25 July and 1 August with three replications.
^ Collections of conidia were made at 26,28 June, and 3,8,10,12, 
and 26 July with three replications.
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Table 4. Panicle blast infections on the cultivars M-201 and Brazos 
as affected by different water-management practices in field plots 
at Crowley, Louisiana in 1984 and 1985
% panicle lnfectiona
Water-
management  1984________   1985
treatment M-201 Brazos M-201 Brazos
Upland 100 75.7 NEb 44.0
Flooded 100 51.7 52.7 8.7
Flooded to 
upland (J)
99.7 57.2 58.3 9.0
Flooded to. 
upland (P)
_e - 70.7 14.3
Upland to 
flooded (J)
99.1 48.0 NE 34.0
Upland to 
flooded (P)
- - NE 39.0
Flooded with 2x N - - 72.7 18.0
f
Flooded sprayed - - 0 0.5
Upland sprayed - - 0 0.3
LSD0.05 1.6 11.8 22.3 8.2
a
Based on both rotten neck and individual branch panicle infections 
on 100 tillers per subplot.
k Not examined because few plants were survived from leaf blast at 
the time of examination.
Change of water management was made at the mid-jointing stage (J).
^ Change of water management was made at the stage of panicle 
emergence (P).
Dash indicates absence of such a treatment in 1984.
^ The fungicide Beam was sprayed five times at 7 to 16 day intervals 
starting from 10 days after inoculation in 1985.
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Table 5. Yields of the cultivars M-201 and Brazos as affected by 
blast and different water-management systems in field plots at 




M-201 Brazos M-201 Brazos
Flooded sprayed'* _c - 5616 6562
Flooded 2787 4214 2730 5663
Flooded with 2x N - - 1003 4755
Flooded to. 
upland (J)
1792 3062 2550 5478
Flooded to 
upland (P)e
- - 1696 4639
Upland to 
flooded (J)
297 2526 486 3847
Upland to 
flooded (P)
- - 361 2424
Upland 205 363 149 765
Upland sprayed - - 1480 2903
LSD0.05 838 1227 1085 1565
£L 2Based on yield in two center area of 0.84 m harvested in each
subplot in 1984 and yield in 6 center rows (4.9 m long, 0.18 m
apart) per subplot in 1985.
^ The fungicide Beam was sprayed 5 times at 7 to 16 day intervals 
starting from 10 days after inoculation in 1985.
c
Dash indicates the absence of such a treatment in 1984.
^ Change of water management was made at the mid-jointing stage (J).
Change of water management was made at the stage of panicle 
emergence (P).
Table 6. Comparison of microclimate factors, ambient air-temperature, leaf-wetneas period, 
relative humidity and soil moisture between flooded and upland (unflooded) field plots at 
Crowley, Louisiana for the periods from 12 June to 18 Aug. in 1984 and from 10 June to 5 
Aug. in 1985
Water- a b c d
Growing management Temperature (C) Leaf-wetness RH>90% Soil moisture (bar) 
season treatment Min. Max. Mean duration (hr/day) Min. Max. Mean
(hr/day)
1984 Upland 22.5 31.7 27.1 12.6 12.3 14.9 0.1 11.8
Flooded 22.5 31.1 26.8 12.2 18.9 - -
Prob. te 1.0 <.01 .282 .544 <.01
1985 Upland 23.3 32.2 27.8 . 12.5 14.2 10.2 0.1 4.8
Flooded 22.9 31.3 27.1 15.0 18.6 _
Prob. t <.01 <.01 <.01 <.01 <.01
0
k Data were obtained from a CR-21 programmed to collect the data every 8 min.
Data were obtained from a CR-21. Leaf-wetness period was determined when a leaf-wetness 
censor (Model 231) indicated above the value of 50.
^ Data were obtained from a BC-560 datapod.
Soil moisture potential in flooded plots was not examined. It was assumed <0.1 bar since 
plots were flooded during the whole growing season.
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Figure 1. Disease progress of Pyrlcularla oryzae on the cultivars M-201 
(A) and Brazos (B) grown in field plots under four different 
water-management practices at Crowley, Louisiana in 1984. A vertical 
dotted line represents the time of water treatment change from flooded 
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Figure 2. Disease progress of Pyrlcularia oryzae on the cultivars M-201 
(A) and Brazos (B) grown in. field plots under different water-management 
practices at Crowley, Louisiana in 1985. The two vertical dotted lines 
represent the time of water treatment change from flooded to upland or 
upland to flooded. Treatment changes were made at the mid-jointing 
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Figure 3. Disease progress of Pyrlcularia oryzae on the cultivars M-201 
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Figure 4. Changes in plant height (A) and leaf area (B) of the 
cultivars M-201 and Brazos as Influenced by irrigation practices and 
blast during the 1984 growing season at Crowley, Louisiana. A vertical 
dotted line represents the time of water-management treatment employed.
CHAPTER II
EFFECTS OF MINERAL NUTRITION UNDER DIFFERENT WATER-MANAGEMENT 
PRACTICES ON DEVELOPMENT OF RICE BLAST
ABSTRACT
Levels of fourteen nutritional elements In leaves were 
evaluated in 1984 and 1985 from leaf samples of the rice cultivars 
Brazos and M-201, collected over several stages of plant growth in 
field plots under different water-management practices, where blast 
development was monitored. Blast development progressed rapidly in 
upland plots (unflooded plots) but was markedly retarded in flooded 
plots. When upland plots were flooded at mid-epidemic, further 
disease progress was greatly inhibited in the cultlvar Brazos but 
was little affected in M-201. No disease increase was observed in 
flooded plots that were drained.
There were major differences in total N, Si, S, Mn and Na 
content in leaf tissues between plants grown under upland and 
flooded conditions; Total N and S content in leaf tissues were 
higher under upland conditions, while Si, Mn and Na content were 
higher under flooded conditions. Phosphorus content in leaf tissues 
was generally higher under flooded conditions, whereas K and Mg 
content were generally greater under upland conditions. Calcium, Fe, 
Zn, Cu, A1 and B content in leaf tissues did not differ 
significantly between upland and flooded plots. Application of 2x N
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under flooded conditions caused an increase in N, Mn, S and Mg 
content in leaf tissues, with a decrease in Si and Na content. The 
patterns of change in Mn and S content, which showed marked 
differences in leaf content in upland and flooded treatments, 
generally corresponded to the pattern of blast development on the 
two cultivars. Nitrogen and Si content in leaf tissues did not 
always follow the pattern of disease development. These results 
suggest that elements other than N and Si may have a major effect 
either alone or in combination with other elements on blast 
development on rice plants.
INTRODUCTION
Rice blase, caused by Pyricularia oryzae Cav., is generally 
considered as one of the major constraints to rice production in the 
major rice growing areas of the world (26). Rice plants at early 
stages of growth are often killed by blast under favorable 
environmental conditions. Heavy infection of panicles at later 
growth stages may devastate rice panicles and reduce yields. Yield 
losses due to blast alone during 1953 to 1960 in Japan accounted for 
22.5% of total yield losses due to pest, drought, flood and cold 
injury (5).
Studies on the effects of nutritional elements on development 
of blast have focused primarily on three major fertilizer elements; 
that is, nitrogen, phosphorus, and potassium. Silica has also been 
extensively studied since Suzuki*s observations in the early 1900's 
that resistant plants had greater number of silicated epidermal 
cells (32,33,34). Among the other mineral elements, only magnesium 
has been studied occasionally for its effect on blast development in 
conjunction with the previously discussed major elements. Other 
minerals such as manganese, calcium, sulphur, sodium, iron, zinc, 
copper, aluminum, and boron have not been examined due in part to 
the difficulties of quantifying them in plant tissue. The effects 
of these nutrients on blast development are not known.
Nitrogen has been reported to be the most influential single 
element affecting blast development. Its effects on blast have been 
reviewed by several researchers (2,20,21). High nitrogen levels
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always Increase blast susceptibility regardless of the availability 
of phosphorus or potassium. A close positive correlation has been 
found between blast susceptibility and soluble nitrogen content of 
plants under various environmental conditions (24,25).
Plants with high silica content and thus a large number of 
silicated epidemal cells develop fewer blast infections 
(7,32,33,34). Volk et al. (36) reported that silicon content of rice 
plants was Inversely related to blast susceptibility. Application 
of silica increased blast resistance. The degree of resistance to 
invasion was not always parallel to silica content but always 
paralleled a decrease in nitrogen content (13). Blast resistance 
following silica application apparently was due in part to the 
silicated epidermal cells. The main effect, however, was the 
reduction in nitrogen absorption due to silica application (3,13). 
Kozaka (21) stated that a correlation between silica content in 
plants and blast resistance exists within a given cultlvar, under 
different environmental conditions, but not among cultivars. Okuda 
and Takahashi (23), however, showed in detailed experiments that 
silica had no appreciable effect on the absorption of nitrogen.
Phosphorus and potassium have relatively little effect on blast 
development as compared to nitrogen and silica (21). Adding 
phosphorus to phosphorus deficient plants can reduce the disease 
until plants grow normally, but further application beyond that 
point caused an increase in the disease (21). Increasing the level 
of potassium generally increased blast, but the effect of potassium 
is complicated by its interrelationship with nitrogen (21).
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Application of potassium in potassium-rich soil increased the 
disease when nitrogen levels were high. Adding potassium to 
potassium-deficient soil caused an Increase in disease at the first 
growth period but reduced disease thereafter (21).
Application of magnesium reduced blast infections regardless of 
the amount of potassium supplied (31). This was apparently caused by 
less absorption of ammonium-nitrogen following the application of 
magnesium. It was also suggested that magnesium interacted with the 
uptake of potassium (31). Ishizuka and Hayakawa (13) reported 
synergistic effects of magnesium on the uptake of silica by rice 
plants. They demonstrated In water-culture experiments that 
magnesium accelerated silica absorption and the reduction of blast 
development significantly.
It has been known since the early 1900's that rice plants 
become more susceptible to blast when grown in unflooded soil and
r
become resistant under flooded conditions (7,8,32). High levels of 
silica in leaves or an increase in the number of silicated epidemal 
cells of plants grown in flooded soil has been proposed as the main 
reason associated with Increased resistance under flooded 
conditions. In addition to an increase in silica, rice seedlings 
raised in a field bed (unflooded) contained more nitrogen than those 
grown in a paddy (flooded) bed (25,37). These observations have led 
to the general conclusion that high silica levels and/or low 
nitrogen content are associated with resistance to blast in plants 
grown in flooded soil (14,21). Despite this general conclusion, no 
research has been conducted to examine the changes in nitrogen and
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silica content: of plants grown in unflooded and flooded soil over 
the growth stages associated with blast development. Furthermore, 
there is little information available on the status of nutritional 
elements other than nitrogen and silica in the levels of plants 
grown in unflooded and flooded soils, where blast disease was 
monitored.
This study was undertaken to determine the relationship of leaf 
nutritional factors to resistance or susceptibility to blast in rice 
using field experiments with different water-management practices. 
Preliminary reports and an epidemiology study relating to this 
research have been published or presented elsewhere 
(15,16,17,18,19).
MATERIALS AND METHODS
Cultural practices. Two rice cultivars M-201, susceptible to blast, 
and Brazos, partially resistant to blast, were used in the study.
The experiments were conducted at the Rice Research Station,
Crowley, LA during the 1984 and 1985 growing seasons. Seeds were 
drill-planted in Crowley,silt loam soil with a seven-row planter 
with rows spaced 18 cm apart. Plots were seeded on 11 May, 1984 and 
on 6 May, 1985 at the rate of 112 kg/ha. Fertilizer was applied at 
planting at a rate of 672 kg/ha of 20-10-10 (N-PgO^-KgO). The 
herbicide propanil was applied for weed control at the recommended 
rate of 3.7 kg ai/ha when plants were at the 3- to 4- leaf stage. A 
split-plot design was employed by assigning water management
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treatments, i.e., flooded or upland (unflooded), as main plots and 
the two cultivars as subplots. Each subplot consisted of 28-row 
drill strips 4.6 m long in 1984 and 18-row drill strips 6.1 m long 
in 1985. The two subplots in a main plot were separated from each 
other by a 0.9 m alley. Main plots were isolated from each other by 
1.5 m-wide earthen levees and 6.1 m-wide ditches so they could be 
irrigated and drained Independently. After planting, all plots were 
irrigated and drained (flushed) periodically to facilitate 
germination and seedling growth until water treatments were 
employed.
Water management treatments. Irrigation and drainage of individual 
plots were independently controlled by opening or closing a water 
gate through a FVC pipe 1.8 m long and 18 cm in diameter. Main plots 
were subjected to one of the following irrigation treatments; 
continuously flooded, continuous upland, flooded changed to upland, 
and upland changed to flooded. In flooded treatments, plots were 
maintained with 5 to 15 cm flood until 10 days before maturity. In 
upland treatments, plots were flushed only when necessary to 
maintain soil moisture for plant growth. For this purpose, upland 
plots were flushed 7 times in 1984, and 6 times in 1985. Irrigation 
treatments Btarted 33 and 29 days after planting in 1984 and 1985, 
respectively. Changes in water management for the plots receiving 
alternating treatments were made at 28 and 34 days after the 
beginning of water-management treatments in 1984 and 1985, 
respectively. Treatments were completely randomized to main plots
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with three replications. In the 1985 experiment, flooded plots 
receiving a double rate nitrogen (2x N) were Included as a 
treatment. These plots received an additional 336 kg/ha of 25% 
ammonium sulfate at 5 days prior to permanent flood.
Inoculation and disease assessment. The field was inoculated with 
Isolate 74L2 of race IH-1 of Pyricularia oryzae at 8 and 6 days from 
the beginning of irrigation treatments in 1984 and 1985, 
respectively. A greenhouse-inoculated plant of M-201 having four 
susceptible type lesions was transplanted Into the center of each 
subplot, as a point source of inoculum. Disease progress was 
examined at 3-4 day Intervals during the first month, and at 7-14 
day intervals thereafter in 1984. Disease progress was determined at 
7 day intervals In 1985. During the early part of epidemic, the 
number of susceptible lesions per tiller was counted based on 30 
tillers randomly selected in each subplot. As disease progressed the 
percentage of leaf area diseased per tiller was estimated with a 
rating scale of 0 (0%) to 10 (100%).
Sampling of leaves for nutrient analysis. Leaf samples from plants 
grown in each treatment were collected sequentially 10 times at 3-7 
day intervals starting from 16 days after the beginning of 
irrigation treatments in 1984 and at 6-14 day intervals starting 
from 7 days after beginning treatments in 1985. At each sampling 
time, a total of 50 leaves were collected from the uppermost two 
leaves on sampled tillers. Leaves were randomly collected from each
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subplot. In the 1984 experiment, leaf samples from three replicated 
plots In the same treatment were combined together to make a single 
sample because of limitations on the number of samples that could be 
analyzed. In 1985, leaf samples from three replicated plots were 
separately analyzed. Leaf samples were cut into small pieces, put 
Into a paper bag, and dried in an oven at 60-80 C for 2 days. The 
leaf pieces were then ground to pass through a 20-mesh screen in a 
stainless steel Wiley mill. The ground leaf tissues from each sample 
were stored in 50 ml screw-top glass containers maintained at room 
temperature.
Leaf nutrition analysis. Total nitrogen content in leaf tissues was 
determined by Kjeldahl's method (1). Prior to weighing, the ground 
leaf samples were further dried for 3 hr to remove any remaining 
moisture. One gram of tissue from each leaf sample was placed into a 
250 ml digestion tube. Ten grams of a catalyst mixture (100 parts of 
K^SO^ and 3 parts of CuSO^) and 25 ml of concentrated HjSO^ were 
then added to each tube. The leaf samples were heated at 380-400 C 
for 20 mln on a block dlgestor. The samples were taken out, allowed 
to cool for 10 min, 7 ml of 50% H2 O2  was added to each tube, and 
the samples heated again for 1 hr until the tube contents turned 
into clear green-colored solution. The digested leaf sample solution 
was allowed to cool for 20 min under a fan, diluted with distilled 
water to make a final volume of 250 ml solution. The solution was 
left overnight and concentrations of total nitrogen of the solution 
were determined by a Technicon Auto Analyzer II (manufactured by
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Technicon Industrial Systems, Tarrytown, N.Y. 10591).
Silica content in leaf tissues was determined using the method 
described by the Official Methods of Analysis (1). A 0.5 g leaf 
sample was put into a 80 ml digestion tube. Five ml of concentrated 
HNO^ was added to the leaf sample for digestion and the sample was 
allowed to stand overnight. The sample was then heated at 130 C for 
2 hr on a block digestor until the mixture turned clear. The 
digested sample solution was diluted by adding 20-30 ml of distilled 
water and filtered through filter paper (Whatman No. 42). After 
filtration a white powder-like material was left on the filter 
paper. This was considered to be silica. The amount of silica was 
determined as the difference in weight of the filter paper before 
and after filtration. Prior to weighing the filter papers and silica 
were dried in a oven at 70 C for 3 days.
Phosphorus, potassium, calcium, manganese, magnesium, sulfur, 
sodium, zinc, iron, copper, aluminum and boron were analyzed using 
0.5 g of each leaf sample digested as described for the silica 
analysis. The digested sample solution was diluted with 20 to 30 ml 
of distilled water and filtered through Whatman No. 42 filter paper. 
The filtrate was adjusted to a final volume of 50 ml by adding 
distilled water in a 50 ml volumetric flask. The concentration of 
each element was determined using an Inductively Coupled Plasma 
(ICP) Quantometer, Model 34000 (manufactured by Applied Research 
laboratory).
Data analysis. Data were analyzed using the Statistical Analysis
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System (SAS) from an IBM 3081 main frame computer In the System 
Network Computer Center, Louisiana State University. The 
significance of the effects of time (growth stage), water-management 
treatment, cultlvar and their Interactions were examined by analysis 
of variance (35). The analysis variance tables are listed In the 
Appendix (Tables 11 to 24). For the comparison of significance 
between factor means the least significant difference (LSD) test was 
employed. Since leaf nutrition data obtained from the 1984 
experiment were not replicated, a paired t-test was used to 
determine the significance of differences with each element between 
upland and flooded treatments.
RESULTS
Disease progress. Blast development on the rice cultivars M-201 and 
Brazos, under four different irrigation practices in 1984 and 1985, 
is shown in Figure 1. There were major differences in disease 
development between upland and flooded treatments. Blast developed 
rapidly in upland plots, but was markedly reduced In flooded plots 
regardless of year and cultlvar (Fig. 1). The final disease severity 
for M-201 and Brazos in upland plots, averaged 67.4 and 48.2% in 
1984 and 87.8 and 31.5% In 1985, respectively. In flooded plots, 
final disease severity was less than 0.1% for both cultivars in 
1984, and was 2.1% for M-201 and less than 0.1% for Brazos in 1985. 
The number of Infections in flooded plots for both cultivars 
Increased until 18-21 days after inoculation at a lower rate than
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that of upland plots, but decreased thereafter. When blasted M-201 
and Brazos plants in upland plots were flooded at the early, mid- or 
late stage of the epidemic, the two cultivars reacted differently 
with respect to blast (Fig. 1). Further development of blast on 
Brazos decreased markedly from 7-14 days after flooding. Disease 
development on M-201 slowed down to some extent shortly after 
flooding, but then continued at near the preflooding rate. No 
changes in disease development were observed in either cultlvar, 
when flooded plots were drained at the mid-tillering, mid-jointing, 
or panicle emergence stages of growth. Application of 2x N in 
flooded plots caused some increase in leaf blast, but the pattern of 
disease progress in these plots did not differ from flooded plots 
applied with a normal rate of nitrogen.
Detailed results and discussion of number of lesions, lesion 
size, development of new Infections, conidla production, panicle 
blast development, and yield are presented in a separate paper (18).
Total nitrogen. Changes in total N content in leaf tissues of M-201 
and Brazos grown under flooded and upland field conditions in 1984 
and 1985 are shown in Figure 2. In 1984 (Figure 2A-B), leaf samples 
collected from upland plots consistently contained more N than those 
from flooded plots with both cultivars. The differences in N content 
between the two water-management conditions averaged 0.9% and 1.0% 
over the growth stage on dry weight basis for M-201 and Brazos, 
respectively (Table 1). In 1985, the trend was generally the same 
when leaf samples from upland plots were compared with those from
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flooded plots receiving a normal rate of N (Figure 2C-D). Nitrogen 
content in leaf tissues from M-201 was considerably higher under 
flooded conditions shortly after the plots were flooded. This 
condition reversed within 2 wk due to a rapid decrease of nitrogen 
in the plants grown under flooded conditions. Higher N in leaf 
samples of M-201 under upland conditions compared to flooded 
conditions remained unchanged during the epidemic (Fig. 2C). The 
magnitude of the differences in N content between the two 
water-management conditions declined until 48 days after treatment. 
Thereafter, N content in leaf samples from upland plots Increased 
sharply, whereas, that of flooded plots continued to decrease. The 
rapid increase in N in leaf tissues of plants grown under upland 
conditions was apparently due to partial death of plants due to the 
severity of the blast epidemic. Sixty percent of the tissues were 
affected by the last sampling period. Bead leaves and straw, piled 
around plants, readily decayed and became an additional nitrogen 
source for translocation to the new emerging leaves that were 
sampled. This was expected because new emerging leaves from heavily 
blasted plants in upland plots were unusually dark-green in color. 
Leaf samples collected from upland plots of Brazos always contained 
more nitrogen than plants from flooded plots with a normal rate of N 
application (Fig. 2D). Differences in N content in leaf tissues 
between plants from flooded and upland plotB remained fairly 
constant throughout most of the epidemic period, averaging 0.6% over 
the growth stages in 1985 (Table 1). Application of 2x N in flooded 
plots caused a corresponding increase in nitrogen content in leaf
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tissues of both cultivars for the early period after treatment. 
Nitrogen content in leaf samples from the 2x N flooded treatment 
decreased gradually and became the same as that of flooded plots 
with normal fertilization in the later stages (Fig. 2C-D). The 
extent of increase in N content caused by 2x N application was 
relatively small for M-201 and N content in leaves receiving 2x N 
applications generally remained at a lower level than that of upland 
plots for this cultlvar (Fig. 2C). Nitrogen content in leaves of 
Brazos was increased considerably by application of 2x N (Fig. 2D). 
With this cultlvar, N content in the 2nd and 3rd leaf samples in the 
2x N treatment did not differ from that of N in leaves of plants in 
upland plots. Despite similar amounts of leaf N when compared to 
upland plots, leaf blast in the 2x N flooded plots did not progress 
and remained less than 1% during this period. During the same period 
blast in upland plots Increased from 1% to 20%.
When upland plots were flooded at the mid-jointing stage, N 
content in leaf tissues Increased considerably for the cultlvar 
M-201 (Fig. 2C). The Increase in N content in leaves of M-201 might 
be due to a rapid decay of debris from dead foliage and roots after 
flooding. With Brazos N content generally decreased compared to 
continuous upland plots, but remained considerably higher than that 
of flooded plots (Fig. 2D). When flooded plots were drained and 
changed to upland conditions, N content in leaf tissues appeared to 
increase to some extent with both cultivars but did not reach the 
level of the continuous upland plots. The extent of Increase in N 
content was somewhat greater with M-201, especially for the early
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period after drainage. When changes in N content in leaf tissues 
were compared to changes in disease development during the same 
period, the continued high rate of infection by M-201 after flooding 
the upland plots could be explained by an Increase in N content in 
leaf tissues. With Brazos, changes in disease development for this 
treatment did not agree well with changes in N content of leaves 
(Fig. 2D).
Phosphorus. Phosphorus content in leaf tissues was generally higher 
under flooded conditions with both cultivars (Fig. 3A-D). This 
increase in P under flooded conditions was expected because of the 
reduction of insoluble ferric and manganic phosphates to soluble 
ferrous and manganous phosphates as the soil becomes reduced due to 
flooding. This trend was particularly apparent for the major 
epidemic periods in the 1985 season. During this period, leaf 
samples from flooded plots contained about 13 to 14% more phosphorus 
than those from upland plots. Mean phosphorus content of leaf of 
M-201 from upland and flooded plots was 1,972 and 2,277 mg/kg in 
1984 and 1,872 and 1,954 mg/kg in 1985, respectively. The 
corresponding P content in leaves of Brazos was 1,976 and 2,023 
mg/kg in 1984 and 1,792 and 1,904 mg/kg in 1985. The differences in 
P content of leaves between upland and flooded conditions were 
significant for M-201 in 1984 and for Brazos in 1985 (Table 1). 
Application of 2x N in flooded plots did not significantly affect P 
absorption from that of flooded plots receiving a normal rate of N 
in either cultlvar (Fig. 3C-D). Phosphorus content of leaf samples
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from flooded plots with 2x N application did not differ greatly 
When upland plots were flooded at mid-season, P content of leaves of 
either cultlvar for this treatment increased and became higher than 
that of continuously flooded plots. When flooded plots were drained, 
no major changes occurred in P content of leaf tissues with both 
cultivars. Phosphorus content in leaf tissues did not appear to be a 
major factor responsible for disease severity differences between 
upland and flooded plots.
Potassium. In the 1984 experiment potassium content in leaf tissues 
did not differ significantly between upland and flooded treatments 
with either cultlvar (Fig. 4A-B). In 1985 potassium content of 
leaves from upland conditions was usually higher than those from 
flooded plots with both cultivars (Fig. 4C-D). The significant 
difference in K content in leaves between the two water-management 
conditions averaged 6% for Brazos (Table 1). Late in the season, K 
content of M-201 leaves from upland plots increased to some extent. 
This was probably due to the decomposition of plant debris from 
blasted plants that may have provided additional K to the plants. 
Application of additional nitrogen did not appreciably alter K 
absorption ability of plants in flooded plots (Fig. 4C-D). When 
flooded plots were drained, or upland plots were flooded, no 
systematic changes in K content of leaves were observed for either 
cultlvar (Fig. 4C-D). Potassium did not appear to be a major factor 
responsible for blast differences between upland and flooded plots.
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Silica. There were major differences In silica content between leaf 
samples from upland and flooded plots with both cultivars (Fig. 
5A-D). Silica content of leaves of M-201 and Brazos growing in 
flooded plots averaged 32 to 56% higher than leaves from plants in 
upland plots (Table 1). In flooded plots, Si content in leaf tissues 
increased as plants grew older. Silica content of leaves from plants 
growing in upland plots remained about the same or Increased at a 
slower rate than that of flooded plots (Fig. 5A-D). For this reason, 
the differences in Si content in leaf samples from flooded and 
upland plots were significantly greater as the season advanced, 
especially in M-201. In 1985 there were already substantial 
differences in Si content in leaf tissues from upland and flooded 
plots only 6 days after the water-management treatments began (Fig, 
5C-D). This difference at the time of inoculation waB about 40% and 
63% for M-201 and Brazos, respectively. At the end of the season, 
this difference reached about 92% with both cultivars. Application 
of 2x N Influenced Si absorption by the plants growing under flooded 
conditions. Silica content in leaf samples receiving the 2x N 
application was consistently less until mid-epidemic, when compared 
to plants receiving a normal rate of nitrogen (Fig. 5C-D). The 
pattern of blast development under upland, flooded, and 2x N flooded 
conditions generally agreed with silica content in leaf tissues for 
the cultlvar M-201, if it was assumed that Si content in leaf 
tissues is negatively correlated with blast development. However, 
with Brazos, no differences in blast development were observed 
between flooded and 2x N flooded plots although the Si content of
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leaves was significantly different for the early period of epidemic.
When upland plots were flooded at the mid-jointing stage of 
growth, the Si content in leaf tissues of Brazos increased markedly 
and reached the same or higher levels than that of the continuously 
flooded plots (Fig. 5D). Silica content in leaves of M-201 also 
increased markedly after flooding, but averaged 24% less than that 
of the continuously flooded treatment (Fig. 5C). When flooded plots 
were drained, Si content of Brazos leaves was not appreciably 
changed from that of the continuously flooded plots. In the same 
treatment, Si content in M-201 leaves decreased about 17% after 
draining the plots. With Brazos the pattern of changes in Si content 
in leaf tissues generally agreed with the pattern of changes in 
blast development under various water-management treatments. The 
rate of blast development decreased after flooding the upland plots 
and there was a rapid increase in Si content in leaf tissues at the 
same time. With M-201 there was continued blast development after 
upland plots were flooded, although Si content in the leaf tissues 
increased 96% (Fig. 5C). This level of Si content was equivalent to 
the Si level in plants under flooded conditions in the mid-season 
where there was little blast in flooded plots.
Manganese. Of the 14 nutritional elements examined, manganese was 
the element that showed the largest differences between leaves from 
upland and flooded treatments in both seasons (Fig. 6A-D). Leaf 
tissues of both cultivars from flooded plots averaged 2 to 3 times 
more Mn than leaves of plants from upland plots (Table 1). This was
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expected because of the increased solubility of Mn under flooded 
conditions and availability to plant uptake. In 1985, Mn content in 
leaf tissues from plants grown in flooded plots tended to increase 
with both cultivars as the plants became older (Fig. 6C-D). Under 
upland conditions Mn content of leaves remained about constant or 
decreased over the sampling period depending upon the cultlvar. For 
this reason, the magnitude of the differences in Mn content of 
leaves between upland and flooded plots became greater as the season 
progressed. Application of 2x N in flooded plots caused some 
increase in Mn content in leaf tissues for the cultlvar M-201, but 
this trend was not apparent for Brazos (Fig. 6C-D). In 1985 Mn 
content of Brazos leaves was 25-27% higher than that of M-201 leaves 
under both upland and flooded conditions (Table 1). When flooded 
plots were drained at the mid-jointing stage, Mn content in leaf 
tissues increased gradually in both cultivars (Fig. 6C-D). This was 
expected since Mn oxidizes at a slower rate than the soil becomes 
oxidized. When upland plots were flooded, Mn content of leaves also 
increased by 33 and 36% for M-201 and Brazos, respectively. The 
pattern of changes in Mn content in leaf tissues generally followed 
the pattern of changes in blast progress under various 
water-management treatments, except for the treatment wherein Brazos 
plots were changed from upland to flooded conditions (Fig. 6D). In 
this treatment, Mn content in Brazos leaves remained low, but blast 
did not increased.
Sulfur. Sulfur content in leaf tissues was significantly higher
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under upland conditions with both cultivars In both 1984 and 1985 
(Fig. 7A-D). Sulfur content in leaves of M-201 and Brazos from 
upland plots averaged 32 and 26%, and 34 and 41% higher in 1984 and 
1985, respectively (Table 1). Application of 2x N in flooded plots 
gave a slight increase in S content in M-201 leaves* especially from 
mid-season (Fig. 7C)* but did not appreciably affect S absorption of 
Brazos plants (Fig. 7D). When upland plots were flooded at the 
mid-jointing stage, S content in leaf tissues was significantly 
decreased (22%) with Brazos but was significantly increased (18%) 
with M-201 when compared to S content of continuously upland plots. 
When flooded plots were drained, S content in leaf tissues Increased 
to some extent with both cultivars, when compared to continuously 
flooded plots, but S content of leaves in this treatment remained 
far less than that of the continuous upland treatments. In general, 
the pattern of changes in S content of leaves under various 
water-management treatments was similar to the pattern of changes in 
N content for both cultivars, particularly for M-201. In the 
experiments, ammonium sulfate was used as the source of N in the 
fertilizer. A similar pattern of changes in uptake of these two 
elements might be related to the availability of this fertilizer 
under upland and flooded conditions.
Changes in S content of leaves generally agreed with changes in 
blast development under various water-management treatments 
suggesting that high levels of S content in leaf tissues increases 
blast development.
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Sodium. Leaf content of sodium, like manganese, showed large 
differences between plants from upland and flooded treatments (Fig. 
8A-D). In 1985 Na content in leaf tissues from plants grown in 
flooded plots averaged about three times higher than that from 
plants grown in upland plots with both cultivars (Table 1). The 
differences in Na content between leaves from upland and flooded 
plots was greater early in the treatment period in both seasons. In 
1985, Na content of leaves decreased under both upland and flooded 
conditions until mid-season and thereafter Na content of leaves 
remained unchanged or Increased, depending on cultlvar and 
water-management treatment (Fig. 8C-D). Application of 2x N in 
flooded plots caused a decrease in Na content in leaves of M-201. 
However, the pattern of change in Na content in 2x N flooded plots 
did not differ from flooded plots with N application with either 
cultivars. When upland plots were flooded at the mid-jointing stage, 
Na content in leaf tissues increased with both cultivars compared to 
the continuous upland plots. Conversely, Na content in leaves 
decreased after draining the flooded plots (Fig. 8C-D). Sodium 
content in leaves of M-201 was generally higher than leaves of 
Brazos (Table 1).
Changes in Na content in leaf tissues generally agreed with the 
pattern of blast development in M-201 but not in Brazos. In the 1984 
Brazos plots the levels of Na In leaf tissues at mid-season under 
flooded conditions was about the same as that of the upland plots 
(Fig. 8B) with no corresponding increase in blast development in 
flooded plots. However, sodium can not be excluded as a possible
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factor affecting blast development.
Magnesium. In 1984 magnesium content In leaf tissues was 
significantly higher under upland conditions with both cultivars 
(Fig. 9A-B). Higher Mg content of leaves with plants from upland 
plots was also observed with M-201 In 1985 (Fig. 9C). The 
differences in Mg content between the two water-management 
conditions were, however, generally less than that observed in 1984. 
Magnesium content in Brazos leaf tissues did not differ 
significantly between irrigation treatment in 1985 (Fig. 9D). Based 
on the 1985 results, Mg content of leaves from both cultivars were 
higher under flooded conditions for the early period after 
treatment, but this condition was reversed later due to a rapid 
decrease in Mg content of leaves under flooded conditions. 
Application of 2x N in flooded plots generally increased Mg 
absorption by M-201 plants. Magnesium content of leaves in 2x N 
flooded plots was usually in between those of flooded and upland 
plots. With Brazos no major differences in Mg content of leaves were 
observed among the three treatments (Fig. 9D). It was also observed 
that there was a considerable difference in Mg content between 
leaves of M-201 and Brazos, regardless of water-management 
treatments. Leaf content of Magnesium averaged 28 and 45% lesB in 
M-201 than Brazos leaves in 1984 and 1985, respectively (Table 1). 
When upland plots were flooded at the mid-jointing stage, Mg content 
of leaves decreased generally or significantly, depending upon the 
cultlvar (Fig. 9C-D). When flooded plots were drained, Mg content
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of leaves Increased with both cultivars when compared to that of 
continuously flooded plots. The pattern of changes in Mg content in 
leaf tissues did not agree with the pattern of changes in blast 
development with either cultlvar.
Calciua. Calcium content in leaf tissues did not differ 
significantly between leaves from upland and flooded plots with 
either cultlvar in 1984 (Fig. 10A-B). This trend was also observed 
during the early sampling period in 1985 (Fig 10C-D). Calcium 
content in leaf tissues of plants grown in flooded plots became 
significantly greater in later growth stages than that of plants 
grown in upland plots. This trend was more apparent for M-201. 
Calcium content in leaf tissues of plants receiving 2x N in flooded 
plots was not significantly different from those receiving N with 
both cultivars. When upland plots were flooded, Ca content of leaves 
was significantly increased 24 and 23%, compared to that of 
continuous upland plots, for M-201 and Brazos respectively. When 
flooded plots were drained, Ca content in leaf tissues slightly 
increased with both cultivars. The pattern of change in Ca content 
in leaf tissues did not followed the pattern of change in blast 
development under various water-management practices with either 
cultlvar.
Aluminum. Aluminum content in leaf tissues did not differ 
significantly between water-management treatments (Fig. 11A-D). The 
variations between Bamples within the same treatment were extremely
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large in the 1985 experiment (Fig. 11C-D). There was a tendency for 
Al content in leaf tissues to increase early after upland plots were 
flooded. No significant changes in Al content in leaf tissues 
occurred when flooded plots were drained. Variation in Al content of 
leaves over treatments were not consistent with the variation in 
blast development.
Boron. Boron content in leaf tissues did not differ significantly 
between water-management treatments with either cultlvar (Fig. 
12A-B). However, boron content in leaf tissues of Brazos appeared 
higher under upland conditions early in the sampling period. Boron 
content in leaf tissues receiving 2x N was generally higher than in 
leaves receiving N application. No significant changes in B content 
occurred after flooding upland plots or draining flooded plots. 
Variation in B content of leaves did not agree with the variation in 
blast development over water-management treatments.
Copper. Copper content in leaf samples did not differ significantly 
between water-management treatments with either cultlvar in either 
season (Fig. 13A-D). The variations within the same treatment were 
also large for this element. No significant changes in Cu content 
were observed after flooding the upland plots or draining the 
flooded plots, except that Brazos plots changed from upland to 
flooded conditions had a marked increase in Cu content occurred 
early after flooding. Variation in Cu content of leaves was not 
consistent with variations in blast development over
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water-management treatments.
Iron. There were no significant differences in Fe content in leaf 
tissues between upland and flooded conditions with either cultlvar 
in both seasons (Fig. 14A-D). Variations in Fe content of leaf 
samples within the same water-management treatment were relatively 
large, particularly for M-201 in the 1985 experiment (Fig. 14C). In 
1985 Fe content in leaves of Brazos appeared higher under upland 
conditions early in the treatment period, but was generally higher 
under flooded conditions at the later stages (Fig. 14D). When upland 
plotB were flooded Fe content in leaf tissues tended to increase, 
especially in the early period after flooding. No significant 
effects of treatment were detected after draining flooded plots with 
either cultlvar. Application of 2x N in flooded plots appeared to 
cause some decrease in Fe content in leaves of M-201, but not with 
Brazos. Variation in Fe content of leaves over water-management 
treatments was not consistent with the variation in blast 
development.
Zinc. Zinc content in leaf tissues did not vary significantly 
between upland, flooded, and flooded with 2x N conditions with 
either cultlvar (Fig. 15A-D). However, Zn content in leaves of 
M-201 from flooded plots averaged 33-35% higher than that from 
upland plots (Table 1). The differences were not significant because 
of the presence of large variations between samples in the same 
treatment. After flooding the upland plots, Zn content in leaves
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Increased compared to that of continuous upland plots with Brazos 
(Fig. 15D). When flooded plots were drained, no significant changes 
in Zn content were observed with either cultivar. Variation in Zn 
content of leaves over treatments did not followed a pattern 
consistent with blast development.
DISCUSSION
Among the fourteen major or minor leaf nutritional elements 
examined in this research, the elements that showed significant 
differences in leaf content between upland and flooded conditions 
were nitrogen, silica, manganese, sulfur and sodium. Nitrogen and 
sulfur were higher under upland conditions, whereas silica, 
manganese, and sodium were higher under flooded conditions. 
Phosphorus content was generally higher under flooded conditions, 
while potassium and magnesium content were generally higher under 
upland conditions. Effects of nitrogen or silica content in rice 
plants on blast development have been studied by several researchers 
(24,32,37). It has been found that higher nitrogen content of leaves 
increased blast susceptibility and that higher silica content 
increased blast resistance. Higher nitrogen content in rice plants 
grown under upland conditions and higher silica content in plants 
under flooded conditions have been proposed as main reasons for the 
blast susceptibility or resistance of plants grown under those 
conditions (21). The present study showed through nutritional 
analyses of plants in field experiments that plants grown under
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upland conditions generally had higher N and lower SI in leaf 
tissues than plants grown under flooded conditions. There is little 
doubt that N and Si exerted an influence on blast development in 
upland and flooded plots. However, this study showed that the 
hypothesis that differences in blast development are based entirely 
on N and Si content of leaves might be only partially true. It was 
evident that higher N content or higher Si content did not always 
correspond to blast susceptibility or resistance. The earlier 
proposal was based entirely on the differences in certain elements 
under continuous flooded or unflooded conditions and corresponding 
differences in blast development under these conditions. Using this 
criterion, our data suggests that sulfur, manganese and sodium could 
also be associated with the differences in blast susceptibility 
between the two conditions. The magnitude of differences in leaf 
content of these elements between upland and flooded conditions was 
the same or greater than that of nitrogen or silica. Also, the 
pattern of change in manganese and sulfur content in leaf tissues of 
plants grown under various water-management treatments was generally 
consistent with the pattern of blast development under those 
conditions.
Manganese is known to interact with N metabolism and to involve 
carbohydrate synthesis, photosynthesis, and the synthesis of phenols 
and other compounds associated with the defense of plants against 
various pathogens (12). Manganese also has a direct effect on 
pathogenesis as an inhibitor of pectolytic and proteolytic 
exoenzymes required for pathogenesis (11,30). Manganese level has
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been associated with take-all disease of wheat by many researchers 
(6,9,10,28,29). In those studies, wheat plants grown In Mn deficient 
soil, or under the conditions where Mn was not readily available, 
were highly susceptible to take-all. An increase in the Mn content 
of leaf tissues gave a decrease in take-all severity (12). It was 
found that Mn availability in soil largely depended upon the 
population of Mn oxidizing bacteria in the rhizosphere. High 
populations of Mn oxidizers caused loss of Mn and an increased in 
take-all disease. A reducing environment suppressed Mn oxidizers, 
increased Mn content of leaves, and reduced take-all (12). Higher Mn 
content of rice leaves under flooded conditions has been reported 
(37). This was due to increased availability of Mn resulting 
from the reduction of manganese by flooding (27). It Is not known 
whether a relationship similar to take-all disease in wheat exists 
between Mn content of leaf tissues and development of rice blast.
Our research indicates that Mn may affect blast development in a 
manner similar to that reported for take-all disease of wheat.
Sulfur has been little studied in relation to plant disease and 
its effects on rice blast are unknown. Sulfur is reduced in the 
plant and incorporated into amino acids, proteins, vitamins, 
aromatic oils, and ferredoxlns. Sulfate is reduced to sulphide in a 
flooded soil, so that availability of S decreases under flooded 
conditions (22). Sulfur has generally been thought to affect disease 
severity through its effect on soil pH (9,10). However, under 
flooded conditions this not a factor because the soil pH is 
controlled the oxidation and reduction of Fe compounds. A
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significant reduction of disease after application of wettable S was 
reported for the take-all disease of wheat (4). In rice blast» 
little information is available on the effect of pH on disease 
severity. In this study it was observed that higher levels of S in 
leaves was consistent over the water-management conditions favoring 
the development of blast. The effects of S in leaf tissues on blast 
development should be studied further.
Sodium content of rice leaf tissues was found to be about three 
times higher under flooded than upland conditions. Higher Na content 
in leaf tissues under flooded conditions could be due to either an 
increase of solubility of Na in a flooded soil or a direct supply of 
Na in the irrigation water. Information on the effects of Na on 
blast development is not available. Further research should be 
conducted to determine the effects of Na on blast development.
Phosphorus is reported to decrease blast severity on normally 
growing rice plants (21). Potassium is generally considered to 
increase blast severity (21). These observations generally agreed 
with the present study* where P content of leaves was higher under 
flooded conditions and blast incidence was low. Potassium content 
was generally higher under upland conditions and blast incidence was 
high.
Application of magnesium has been reported to decrease blast 
severity by causing either less absorption of N or more absorption 
of Si (13*31). However, in this study Mg content in leaf tissues was 
generally higher under upland conditions where blast was severe, and 
N content was higher and Si content was lower in leaf tissues.
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Of the fourteen elements examined In this study, the 
application of a double rate of nitrogen under flooded conditions 
affected N, SI, Mn, S, Mg, and Na content In leaf tissues of at 
least one cultlvar. Among those 6 elements, Si and Na were generally 
decreased by 2x N applications, while N, Mn, S, and Mg Increased 
with at least one cultlvar. By contrast, a negative correlation 
between N and Si absorption has been reported (3,13). It was also 
reported that there was no appreciable relationship in absorption 
between these two elements (23). In our research it appeared that 
the addition of extra N caused a decrease of Si absorption by rice 
plants during the first half of the sampling period.
This research shows that differences in the status of chemical 
constituents of rice plants between upland and flooded conditions 
were not as simple as previous studies indicated. Nitrogen and Si 
are only two of eight elements that may have significant effects on 
blast susceptibility or resistance under upland and flooded 
conditions. These eight elements may affect blast individually, 
collectively, or by interactions with other mineral elements. There 
are distinct possibilities that elements other than N or Si such as 
Mn, Na and S, may have a major effect on blast development either 
alone or in combination with other elements. Future studies on 
relationships between blast and those elements may lead to more 
effective measures of blast control through the manipulation of the 
indicated elements in commercial rice cultivation.
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Table I. Mean content of various mineral elements in leaf tissues of 
the cultivars M-201 and Brazos sampled 10 times at 3-14 day 
intervals from upland and flooded rice plots at Crowley, Louisiana 






















































































































































































































































All units are based on dry weight of leaf tissues. 
b Flooded plots with a double rate of N application.
Indicates LSD (P=0.05) values In the 1985 experiment and probability 
of the differences obtained from paired t-test in the 1984 experiment, 
respectively.
** Indicates absence of such a treatment.
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Figure 1. Progress of rice blast disease on the cultivars M-201 and 
Brazos grown in field plots under four different water-management 
practices at Crowley, Louisiana in 1984 (A, B) and in 1985 (C, D). 
Vertical dotted lines represent the time of irrigation treatment 
change from flooded to upland or upland to flooded conditions. Field 
inoculations were made at 8 and 6 days after irrigation treatment 
began (42 and 35 days after planting) in 1984 and 1985, 
respectively.
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Figure 2. Change in total nitrogen content In leaves of M-201 and 
Brazos under upland, flooded, and 2x N flooded conditions at Crowley, 
Louisiana in 1984 (A, B) and 1985 (C, D). Change in irrigation 
treatment in alternating plots (upland to flooded or flooded to 
upland) was made at 34 days from the beginning of treatment in 1985, 
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Figure 3. Change In phosphorus content in leaves of M-201 and Brazos 
under upland, flooded, and 2x N flooded conditions at Crowley, 
Louisiana in 1984 (A, B) and 1985 (C» D). Change in irrigation 
treatment in alternating plots (upland to flooded or flooded to 
upland) was made at 34 days from the beginning of treatment in 1985, 
and was indicated by a vertical dotted line.
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Figure 4. Change in potassium content in leaves of M-201 and Brazos 
under upland, flooded, and 2x N flooded conditions at Crowley, 
Louisiana in 1984 (A, B) and 1985 (C, D). Change in irrigation 
treatment in alternating plots (upland to flooded or flooded to 
upland) was made at 34 days from the beginning of treatment in 1985, 
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Figure 5. Change in silica content in leaves of M-201 and Brazos 
under upland, flooded, and 2x N flooded conditions at Crowley, 
Louisiana in 1984 (A, B) and 1985 (C, D). Change in irrigation 
treatment in alternating plots (upland to flooded or flooded to 
upland) was made at 34 days from the beginning of treatment in 1985, 
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Figure 6. Change in manganese content in leaves of M-201 and Brazos 
under upland, flooded, and 2x N flooded conditions at Crowley, 
Louisiana in 1984 (A, B) and 1985 (C, D), Change in irrigation 
treatment in alternating plots (upland to flooded or flooded to 
upland) was made at 34 days from the beginning of treatment in 1985, 
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Figure 7. Change In sulfur content In leaves of M-201 and Brazos 
under upland, flooded, and 2x N flooded conditions at Crowley, 
Louisiana in 1984 (A, B) and 1985 (C, D). Change in irrigation 
treatment in alternating plots (upland to flooded or flooded to 
upland) was made at 34 days from the beginning of treatment in 1985, 
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Figure 8. Change In sodium content in leaves of M-201 and Brazos 
under upland, flooded, and 2x N flooded conditions at Crowley, 
Louisiana in 1984 (A, B) and 1985 (C, D). Change in irrigation 
treatment in alternating plots (upland to flooded or flooded to 
upland) was made at 34 days from the beginning of treatment in 1985, 
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Figure 9. Change in magnesium content in leaves of M-201 and Brazos 
under upland, flooded, and 2x N flooded conditions at Crowley, 
Louisiana in 1984 (A, B) and 1985 (C, D). Change in irrigation 
treatment in alternating plots (upland to flooded or flooded to 
upland) was made at 34 days from the beginning of treatment in 1985, 
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Figure 10. Change in calcium content In leaves of M-201 and Brazos 
under upland* flooded* and 2x N flooded conditions at Crowley* . 
Louisiana in 1984 (A, B) and 1985 (C, D). Change in Irrigation 
treatment in alternating plots (upland to flooded or flooded to 
upland) was made at 34 days from the beginning of treatment in 1985* 
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Figure 11. Change In aluminum content In leaves of M-201 and Brazos 
under upland, flooded, and 2x N flooded conditions at Crowley, 
Louisiana In 1984 (A, B) and 19B5 (C, D). Change in irrigation 
treatment in alternating plots (upland to flooded or flooded to 
upland) was made at 34 days from the beginning of treatment in 1985, 
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Figure 12. Change in boron content in leaves of M-201 and Brazos 
under upland, flooded, and 2x N flooded conditions at Crowley, 
Louisiana in 1985 (A, B). Change in irrigation treatment in 
alternating plots (upland to flooded or flooded to upland) was made 
at 34 days from the beginning of treatment in 1985, and was 
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Figure 13. Change in copper content in leaves of M-201 and Brazos 
under upland, flooded, and 2x N flooded conditions at Crowley, 
Louisiana in 1984 (A, B) and 1985 (C, D). Change in irrigation 
treatment in alternating plots (upland to flooded or flooded to 
upland) was made at 34 days from the beginning of treatment in 1985, 
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Figure 14. Change in iron content in leaves of M-201 and Brazos 
under upland, flooded, and 2x N flooded conditions at Crowley, 
Louisiana in 1984 (A, B) and 1985 (C, D). Change in irrigation 
treatment in alternating plots (upland to flooded or flooded to 
upland) was made at 34 days from the beginning of treatment in 1985, 
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Figure 15. Change In zinc content in leaves of M-201 and Brazos 
under upland* flooded, and 2x N flooded conditions at Crowley, 
Louisiana in 1984 (A, B) and 1985 (C, D). Change in irrigation 
treatment in alternating plots (upland to flooded or flooded to 
upland) was made at 34 days from the beginning of treatment in 1985, 
and was indicated by a vertical dotted line.
CHAPTER III
EFFECTS OF SOIL MOISTURE ON THE HISTOPATHOLOGY 
OF RICE BLAST DEVELOPMENT
ABSTRACT
The histopathology of Pyricularla oryzae Cav. on the 
susceptible rice cultivars Brazos and M-201; grown in flooded, 
saturated and moist soil conditions in the greenhouse, was examined 
using light microscopy to study the nature of blast development. 
Lesion development was significantly affected by water-management 
treatments with both cultivars. Lesion number was highest on plants 
grown under moist soil conditions and lowest under flooded 
conditions. Saturated soil gave intermediate results. No major 
differences in site of appressorium formation were observed between 
water treatment regimes with either cultivar. More appressoria of P. 
oryzae formed over bulllform cells in the leaf epidermis (30-45%), 
followed by short cells and stomata (16 to 29%), and long cell or 
veins (10-15%). Penetration was most frequent through stomata and 
bulllform cells regardless of water-management treatment.
Penetration through these two entry points accounted for 78 and 88% 
of all penetrations for Brazos and M-201, respectively. In general, 
stomatal penetration was more frequent when the soil was flooded, 
whereas, penetration through bulllform cells was more frequent under 
moist soil conditions, particularly with Brazos. When leaf sheaths
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of plants from each soil moisture regime were excised and Inoculated 
with conidial suspensions* over 96% of the conidia germinated and 
formed appressoria on epidermal cells on the Inner surface of leaf 
sheaths regardless of previous water-management treatment. 
Penetration and degree of Intracellular hyphal growth In the 
penetrated cells differed significantly with cultivar and irrigation 
treatment. The number of penetrated leaf sheath cells was reduced 
under flooded and saturated soil conditions. The degree of 
intracellular hyphal growth in the penetrated cells was also reduced 
under flooded conditions. The number of penetrated cells and the 
degree of intracellular hyphal growth were highest with M-201. 
Granulation and discoloration of penetrated cells was observed 
primarily with Brazos* particularly in the flooded and saturated 
soil treatments. This suggest that flooding may affect both process 
of penetration of the cell wall and post penetration defense 
mechanisms* thereby increasing blast resistance.
Although both cultivars were susceptible to the isolate of £. 
oryzae used in these studies* Brazos appeared to exhibit partial 
resistance.
INTRODUCTION
It has been reported since the early 1930’s that rice plants 
grown in dry soil were more susceptible to blast, caused by 
Pyricularia oryzae Cav.. than plants grown in flooded soil (4,19). 
Differences in the degree of silication of epidermal cells and 
nitrogen absorption ability between plants grown under flooded and 
dry soil conditions have been proposed as the reason for this 
phenomenon (13,19), However, the nature of high blast susceptibility 
of plants grown under dry soil conditions is still not fully 
understood.
Histopathological studies on the penetration process of P. 
oryzae on rice leaves have previously been conducted (18,20,24). 
These works mostly involved the mechanism and point of penetration. 
In those studies, the bulllform cells of the leaf epidermis were 
found to be the most frequent sites of penetration (5,24). 
Penetration through stomata or their accessory cells by P. oryzae 
was also found to be common (18,24). In the Gramineae, bulllform 
cells are unusual, thin-walled epidermal cells containing water, 
which function to roll or unroll leaf blades through changes in cell 
tugor in response to soil moisture (3). As soil moisture directly 
affects both blast susceptibility and the operational mechanism of 
bulllform cells, cells that are the usual entrance point of the 
blast fungus, it is possible that some difference in degree of 
penetration of the blast fungus through bulllform cells might occur 
between flooded and upland (unflooded) soil conditions. This
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hypothesis was examined in this study.
The response of living host cells after £. ory2 ae penetration in 
resistant and susceptible cultivars has been extensively studied 
since the 1950*8 using the leaf sheath inoculation technique 
(14,15,16,21,22,23). These studies consistently showed marked 
differences in the degree of Intracellular hyphal growth, cell 
granulation, and cell discoloration in Invaded cells between 
resistant and susceptible rice cultivars. In resistant reactions, 
cytoplasmic fine granulation and pale yellow discoloration of the 
penetrated cells occurred soon after penetration and intracellular 
hyphal growth was suppressed. In this reaction the hyphae usually 
died within 24 hr after inoculation (15). In susceptible reactions, 
intracellular hyphae grew vigorously without any apparent changes in 
cell appearance until granulation and deep brown discoloration of 
cells appeared after hyphae had spread throughout the cell. A 
positive correlation was also found between the percentage of 
penetrated cells and degree of intracellular hyphal growth (12,14). 
The mechanism of resistance associated with changes in soil moisture 
conditions within the same cultivar may differ from the form of 
resistance which is expressed as a hypersensitive response.
This research was carried out to examine the infection process 
of P. oryzae on plants grown under different soil moisture 
conditions, particularly from germination of conldia to the 
post-penetration hyphal ramification phase of infection, and to try 
to determine the mechanism of resistance associated with soil 
moisture conditions. A study of the epidemiology of blast
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development and Its relation to leaf nutritional content under 
flooded and upland (unflooded) field conditions was conducted using 
the same cultivars and the same isolate of F^. oryzae and published 
or presented elsewhere (6,7,8,9,10,11).
MATERIALS AND METHODS
Plant growth. Two rice cultivars; M-201, susceptible to blast, and 
Brazos, partially resistant to blast, were used throughout the 
study. These cultivars were selected because their reaction to 
blast under different water-management practices were already known 
from a 2-year field study (9). In two experiments seeds were planted 
at a rate of 40 seeds per pot in plastic pots 18cm tall and 16cm in 
diameter containing a soil mixture composed of 1 part sand, 1 part 
peat and 2 parts of clay soil. In a third experiment, Crowley silt 
loam soil was used instead of the soil mixture. Each cultivar was 
planted in separate pots. The plants were grown in the greenhouse 
at 18-35 C. The pots were placed on a wooden bench with bottom and 
sides lined with plastic film, where a 5 to 7 cm flood was 
maintained. Fertilizer was applied at the 2 to 3 leaf stage at a 
rate of 1.5g per pot of 20-10-10 (N-P20^-K20).
Soil moisture treatment. Plants were subjected to three different 
soil moisture conditions; flooded, saturated, and moist conditions 
as treatments. The treatment was achieved by inserting the planted 
pot into another larger pot (23cm high, 20cm dlam.) without any
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holes. The outer pot was filled with water to different levels. In 
the flooded soil treatment, the water level was higher than the 
inside pot so that a 2 to 3cm flood was maintained over the soil 
surface. In the saturate soil treatment, the water level in the 
outer pots was adjusted to slightly higher than the soil surface of 
the Inside pots so that the soil in the inside pots remained 
saturated but not covered with water. In the moist soil treatment, 
the outer pots received small amounts of water as necessary to 
maintain normal growth. There were five replications of each water 
treatment regime. Treatment began at 10 days after planting in the 
first and second experiments and at 15 days after planting in the 
third experiment. The pots were completely randomized within a 
cultivar. Water levels were adjusted dally.
Inoculation and disease assessment. The isolate 74L2 of 
international race IH-1 (US-2) of oryzae was grown on oatmeal 
agar (oatmeal 70g, sucrose 3 g, agar 10 g and water 1 1) in 9cm 
diam. petrl dishes for 2 wk. The cultures were placed under a near 
utraviolet lamp to permit sporulatlon for 2 days after removing 
aerial mycelia. Conidia were then harvested by brushing the surface 
of cultures In a small volume of sterile water. The concentration of 
conidia in inocula was adjusted, by adding water, to 20 to 50 
conidia per microscopic field using the lOOx ocular of a light 
microscope. A drop of Tween 80 was added as a surfactant before 
inoculation. Plants were inoculated by spraying the same amounts of 
conidlal suspension per pot with an atomizer at 11, 8 and 19 days
99
after irrigation treatment began in the first through third 
experiments, respectively. After inoculation, the entire bench was 
covered with a plastic sheet over 1.2 m tall wood frame. A 
humidifier was placed inside to maintain humid conditions. Seven 
days after Inoculation, the number of susceptible type lesions (1) 
developed on leaves of M-201 and Brazos were counted from 10 
randomly selected plants in each pot.
Microscopic observation of leaf tissues. The fully expanded 
penultimate leaf of each plant sampled was excised at 24 and 72 hr 
after inoculation from two plants per pot randomly chosen in each 
treatment to examine sites of appressorium formation and 
penetration. Sample leaves were cut into 1 to 1.5 cm pieces. Leaf 
pieces were cleared and stained by simmering for 3 min in aniline 
blue-lactophenol (1 ml lactic acid, 1 ml phenol, 8 ml ethanol, 4 mg 
aniline blue, and 1 ml distilled water) and mounted in lactophenol 
for microscopic observation (2). The sites of appressorium formation 
were determined on leaf tissues collected at 24 hr after 
inoculation. Total number of appressoria examined in each treatment 
per replication varied from 127 to 306 for Brazos and from 109 to 
228 for M-201. Small reddish-brown discolored areas with an 
appressorium attached on leaf tissues excised at 72 hr after 
inoculation were considered to be successful penetration sites and 
were examined to determine sites of penetration. The total number of 
penetrations examined in each treatment per replication was 51 to 92 
and 55 to 130 for Brazos and M-201, respectively.
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Leaf sheath inoculation and observation. Leaf sheaths of newly 
formed, fully expanded leaves were excised from 33-day-old plants In 
the second experiment and cut into about 5 cm long pieces starting 
from the collar. Leaf sheath pieces were placed on two stands 
supporting each end of the sheath segment. Stands were placed into 9 
cm diameter petrl dishes with wet whatman #1 filter papers placed 
over the bottom of each dish. Each petri dish humidity chamber 
contained three segments of leaf sheath as a replication and 5 
replications were used for each treatment within a cultivar. The 
cavities formed by the rolled leaf sheaths were filled with a 
conidial suspension of P. oryzae by injecting the suspension with 
a syringe. The conidial suspension had been adjusted to about 50 
conidia in a 100 x microscopic field. The petri dishes were 
maintained in the laboratory at room temperature (19-23 C) for 44 
hours. The epidermal cells of inner surface of each leaf sheath were 
then examined under a microscope after removing the outer surface of 
the leaf sheath with a razor blade. Prior to examination, leaf 
sheath samples were fixed with 30 % alcohol. The percentages of 
germinating conidia and the percentage of conidia forming 
appressoria were determined based on 111 to 191 and 120 to 241 
conidia examined in each replication for M-201 and Brazos, 
respectively. The number of penetrated cells was based on units of 
60 cells. This was the number of visible cells in a lOOx microscope 
field. ‘ Four areas of each leaf sheath, both ends and two randomly 
selected sites in the middle, were examined under a lOOx microscopic 
field and the number of penetrated cells in that field was counted.
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Cells showing granulation, discoloration, or intracellular hyphal 
growth were considered to be penetrated cells, regardless of the 
presence or absence of appressorla. The degree of hyphal growth in 
the penetrated cells was rated based on a scale 1 (little growth) to 
5 (full of hyphae) (23). Presence or absence of granulation and 
discoloration of cell was also recorded for the penetrated cells.
Data analysis. Data were analyzed using the Statistical Analysis 
System (SAS) in the IBM 3081 main frame computer in the System 
Network Computer Center, Louisiana State University. Significant 
differences in the number of lesions between soil moisture 
treatments was determined by the standard analysis of variance 
procedure for a randomized complete block design (19). When the 
F-test for treatment was significant the least significant 
difference (LSD) test was performed to compare treatment means 
within a given cultivar.
RESULTS
Number of Infections. Lesion development was significantly affected 
by water-management treatment (Table 1). Lesion number was highest 
under moist soil conditions and lowest under flooded conditions. 
Saturated conditions gave intermediate lesion numbers. When the two 
cultivars were compared, the number of lesions on Brazos was 
significantly less than those of M-201, regardless of soil moisture 
regime. There was considerable variation in lesion number In the
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same treatment between the three experiments. The magnitude of 
differences in lesion development between treatments also varied 
considerably within the experiment. This was probably due to 
differences In plant age, length of treatment period, and inoculum 
density at the time of inoculation between the three experiments. 
However, reduction in lesion development by flooding was greater 
with Brazos than with M-201.
Sites of appressorium formation and penetration. Appressorium 
formation sites did not vary significantly with the water-management 
treatment (Table 2). The greatest number of appressorla formed over 
bulllform cells with a frequency of 30 to 44%, depending on cultivar 
and treatment. Appressorla also frequently formed over stomata and 
short cells with an average frequency of 15 to 27%, followed in 
frequency by long cells and veins. Appressorla formed on trichomes 
less than 1% of the time. Although there were slight differences in 
frequency of appressorium formation on particular cells between the 
two cultivars, the pattern of site of appressorium formation was 
generally similar.
Penetration was most frequent through stomata and bulllform 
cells regardless of water-management treatment (Table 3).
Penetration through these two entry points accounted for 78 and 88% 
of all penetrations for Brazos and M-201, respectively. The 
remaining 12 to 22% penetrations occurred through long and short 
cells. No penetration occurred through veins or trichomes of either 
cultivar. In general, stomatal penetration was more frequent
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relative to bulllform cell penetration when the soil was flooded, 
whereas, penetration through bulllform cells was more frequent 
relative to stomatal penetration under moist soil conditions. This 
tendency was less apparent with the highly susceptible M-201.
Leaf sheath Inoculation study. There were no major differences in 
conidial germination and appressorla formation between 
water-management treatments (Table 4). Over 96% of the Inoculated 
conidia germinated on the inner epidermal cells of leaf sheaths. 
About 96 to 97% of germinated conidia produced appresBoria with both 
cultivars. The number of penetrated cells and degree of 
intracellular hyphal growth in the penetrated cells differed with 
cultivar and previous water-management treatment. The number of 
cells penetrated on leaf sheaths from moist soil conditions was two 
to four times greater than that from flooded conditions for Brazos 
and M-201, respectively (Table 4 and Fig. 1A). The number of sheath 
cells penetrated in the saturated treatment was Intermediate between 
the flooded and moist soil treatments. The degree of secondary 
hyphal growth in the penetrated cells was also less under 
flooded and saturated conditions. Intracellular hyphae in the 
penetrated sheath cells from leaves of plants grown in moist soil 
grew extensively after penetration (Fig. IB) Penetrated cells were 
often filled with hyphae and cytoplasmic streaming within the hyphae 
was visible. Growth of the hyphae from penetrated cells into 
adjacent cells was also often observed in this treatment, 
particularly with M-201 (Fig. 1C). Using the 1 to 5 scale, the
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degree of hyphal growth In moist soil treatments were rated as 3 to 
3 for M-201 and 2 to 3 for Brazosf depending upon individual cells. 
When both cultivars were compared» the number of penetrated leaf 
cells and the degree of secondary hyphal growth were appreciably 
less with Brazos compared to M-201 (Table 4). Thus, the degree of 
secondary hyphal growth with Brazos In the moist soil treatment was 
about the same as that of M-201 In the flooded treatment. Apparent 
granulation and discoloration of Invaded cells were not observed for 
M-201, regardless of water-management treatment. In Brazos, 
intracellular hyphal growth in the penetrated cells was markedly 
suppressed particularly in the flooded treatment (Fig. 1C). The 
degree of hyphal growth in this treatment was rated as 1 to 2. Fine 
granulation and light-yellow discoloration of invaded cells were 
often observed soon after penetration (Fig. 1D-E).
DISCUSSION
A significant reduction in the number of leaf blast Infections 
has been observed in flooded field plots of cultivars M-201 and 
Brazos in 1984 and 1985 field experiments (7,8,9). In the present 
study, similar results were obtained with the same cultivars and the 
same oryzae isolate under greenhouse conditions. In general, the 
magnitude of reduction in lesion number caused by flooding in the 
greenhouse pot experiments was not as great as that observed under 
field conditions, particularly for M-201. The flooding effect on 
blast development may vary with plant age and water-management
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treatment period. In the greenhouse study, relatively young plants 
were inoculated after short periods of the irrigation treatments. In 
field plots the flooding effect became gradually greater as the 
seasons progressed.
In this study, flooding did not affect germination of conidia, 
appressorium formation or site of appressorium formation, but did 
significantly affect the number of successful penetrations and the 
amount of secondary hyphal growth after penetration. This suggests 
that flooding may affect both penetration of the cell wall and post 
penetration defense mechanisms. The influence of flooding on the 
post-penetration process was evident from the presence of cell 
granulation and discoloration with limited growth of secondary 
hyphae observed on Brazos under flooded and saturated soil 
conditions. These reactions were similar to those characterized as 
resistant hypersensitive reaction (23). The positive relationship 
between secondary hyphal growth in the penetrated cells with the 
number of penetrated cells has been reported (12,14). In this 
study, a similar relationship was observed between number of 
penetrated cells and secondary hyphal growth with both cultivars.
This study showed that bulliform cells and stomata were major 
penetration points for blast fungus. Higher penetration through 
bulliform cells and stomata was reported in the early 1900's 
(5,18,20, 24). However, there appears to be a considerable 
difference in the efficiency of penetration between bulliform cells 
and stomata. The probability of successful penetration per 
appressorium appears greater with stomata when compared to bulliform
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cells. When the frequency of appressorium formation on these two 
cells was compared with frequency of penetration, the number of 
appressorium formed over stomata was about one half of that formed 
over bulliform cells, but the penetration percentage was greater 
With stomata than with bulliform cells. Penetration through natural 
openings, such as stomata, may not require penetration of cell wall 
for passage through the epidermis.
In this study, penetration through bulliform cells appeared 
less frequent relative to stomatal penetration when plants were 
grown under flooded conditions. Penetration through bulliform cellB 
became more frequent relative to stomata penetration under moist 
soil conditions. This suggests that the bulliform cell penetration 
normally expected under drier soil conditions was inhibited by 
flooding. It may be that flooding provides a mechanical protection 
of bulliform cell walls against penetration due to increased tugor 
pressure. As bulliform cells were one of the major penetration 
points, inhibition of bulliform cell penetration may reduce lesion 
numbers.
Although M-201 and Brazos were susceptible to the isolate of £. 
oryzae used in this study, Brazos appeared to exhibit partial 
resistance through both reduction in number of lesions and limited 
growth of secondary hyphae after penetration. When compared to 
M-201, the resistance in Brazos was more consistent regardless of 
water-management treatment.
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Table 1. Number of lesions per plant developed on M-201 and Brazos 
grown In flooded, saturated and moist soil in pots in the greenhouse 




1st experiment 2nd experiment^
£
3rd experiment
M-201 Brazos M-201 Brazos M-201 Brazos
Flooded 4 3 57 9 36 3
Saturated 46 6 78 19 61 6
Moist 84 19 115 47 77 12
LSD.05 13 2 9 6 28 4
a Values are the mean of 50 plants examined as 10 plants each in 5 
pots ("replications). The plants were inoculated 21 days after 
planting (11 days after irrigation treatment) for M-201 and Brazos.
k Values are the mean of 50 plants examined as 10 plants each in 5 
pots. The plants were inoculated 18 days after planting (8 days 
after treatment) for M-201 and Brazos.
c Values are the mean of the total number of lesions of 10 plants 
examined each in 5 pots ('“replications). Two cultivars, M-201 and 
Brazos, were inoculated 34 days after planting (19 days after 
water treatment).
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Table 2. Site of appressorium formation of Pyrlcularla oryzae 
examined at 24hr after inoculation on leaf epidermal cells of M-201 
and Brazos grown in flooded, saturated and moist soil In pots in the 
greenhouse
g
Percent appressorium formation on
Culti- Soil ____________________________________________________
var treatment Bulliform Long Short Stomata Vein Trlchome
cell cell cell
M-201 Flooded 30 ±3.1 14 ±1.4 27 ±2.3 17 ±2.1 12 ±1.1 0
Saturated 32 +5.3 11 +3.4 29 ±4.8 15 ±1.6 14 ±1.9 0
Moist 34 ±4.1 12 +2.7 26 +1.7 18 ±2.1 10 ±5.2 0
Brazos Flooded 38 +6.7 14 ±5.4 16 ±2.9 18 ±3.9 14 ±1.5 0
Saturated 36 ±6.1 15 +4.3 18 ±0.4 17 ±2.6 14 ±4.9 0.3 ±0.3
Moist 45 ±6.4 14 ±4.5 14 ±0.9 16 ±3.0 11 ±6.0 0.1 ±0.2
Values are average percentages of three replications (=pots). Total 
number of appressorla examined in each treatment per replication 
varied from 127 to 306 for Brazos and from 109 to 228 for M-201, 
respectively.
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Table 3. Site of penetration of Pyricularia oryzae examined at 
72hr after inoculation on leaf epidermal cells of M-201 and Brazos 
grown in flooded» saturated and moist soil in pots in the greenhouse
Mean number ,
Culti- of Percent penetration through
var Soil penetration ___________________________________
treatment sites per Bulliform Long Short Stomata
leaf piece cell cell cell
M-201 Flooded 7.7 ±2.0 37 ±7.1 4 ±4.6 10 ±1.4 49 ±9.9
Saturated 21.5 ±2.8 36 ±6.1 12 +5.6 14 ±2.6 38 ±6.7
Moist .28.0 ±4.9 39 ±4.3 9 ±2.8 16 ±7.6 36 ±7.8
Brazos , Flooded 3.9 ±1.2 26 ±7.5 3 ±1.8 10 ±4.3 61 ±9.9
Saturated 6.7 +1.0 31 ±3.2 3 ±1.7 7 ±2.6 59 ±6.3
Moist 9.9 ±1.0 54 ±7.3 7 ±2.5 7 +4.1 32 ±7.1
Total number of leaf pieces (ca. 1cm long each) examined in each 
treatment varied from 12 to 60 pieces, depending on cultivar and 
treatment.
Values are average percentages of three replications. The 
percentage was calculated based on a total of 51 to 130 
penetration sites observed in each treatment per replication. No 
penetration through vein and trichome was observed.
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Table 4. Percentage of conldial germination, appressorium formation, 
penetration, and degree of secondary hyphal growth of V* oryzae at 
44hr after inoculation on epidermal cells on inner surface of excised 
leaf sheath of M-201 and Brazos grown in flooded, saturated and moist 



















M-201 flooded 97 ±3.5 97 ±2.5 5 ±3.8 2.6 ±0.5
saturated 96 ±5.4 97 ±5.0 13 ±1.9 3.5 ±0.8
moist 98 +1.7 97 ±2.3 21 ±6.1 4.2 +0.5
Brazos flooded 98 +2.6 96 ±3.6 3 ±1.5 1.3 ±0.3
saturated 97 ±2.6 97 .±1.3 5 ±1.5 2.0 ±0.5
moist 98 ±1.8 97 +1.1 8 ±3.0 2.4 ±0.4
a Values are averages of five replications. A total of 111-191 and
120-241 conidia was examined in each replication for M-201 and
Brazos, respectively.
^ Values are averages of five replications. A total of
240 inner epidermal cells was examined in each replication.
Values are average grades of penetrated cells that occurred in 
each replication* The grades were given based on the scale 1 
(little growth) to 5 (extensive growth).
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Figure 1. Photomicrographs of epidermal cells on the inner surface 
of leaf sheaths, at 44 hr after inoculation with P. oryzae. from 
rice plants of M-201 (A-C) and Brazos (D,E) grown under flooded and 
moist conditions. In moist treatment (A-C): a large number of 
penetrated cells (A), extensive intracellular hyphal growth in the 
penetrated cells (B) and penetrations through one cell to adjacent 
cells (C). In flooded treatment (D,E): limited growth of 
intracellular hyphae in the penetrated cells (D), and a penetrated 
cell shown light-yellow discoloration with granulation (E). 
(Abbreviations are, a:appressorium, c:conidium, d:discoloration, 
g:granulation, ih:infection hyphae, p:penetrated cell).
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CHAPTER IV
FIELD TESTING A COMPUTERIZED FORECASTING SYSTEM 
FOR RICE BLAST DISEASE
ABSTRACT
A computer program written to predict blast occurrence based on
microclimatic events was tested as an on-site microcomputer in
upland and flooded field plots in 1984 and 1985. Two microcomputer
units operating on alkaline batteries, continuously monitored air
temperature, leaf wetness, and relative humidity; interpreted the
microclimate information in relation to rice blast development and
displayed daily values (0 to 8) of blast units of severity (BUS).
Accumulated daily BUS values were highly correlated with blast
development on the two susceptible cultivars, Brazos and M-201,
grown under upland conditions. When cumulative BUS values were used
to predict the logit of disease proportions, the average
2
coefficients of determination (R ) between these two factors were 71 
to 91%, depending on cultivar and year. This was a significant 
improvement when compared to 61 to 79% when days were used as a 
predictor of logit disease severity. The model has the potential 
for use under upland rice production conditions. The ability of BUS 
to predict logit disease severity was slightly less with Brazos than 
M-201. This is significant Inasmuch as Brazos showed field 
resistance at mid-season. Cumulative BUS values in flooded plots
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were higher or significantly higher than that in the upland plots. 
No significant correlation was observed between cumulative BUS 
values and logit disease under flooded conditions as both cultivars 
were resistant to blast when flooded. These results suggest that 
flooding of the soil and the Inherent resistance of monitored 
cultivars should be considered and incorporated into the blast 
forecasting model to improve the dependability of the model for 
forecasting rice blast.
INTRODUCTION
The rice blast disease caused by Pyricularia oryzae Cav. is a 
major constraint on rice production (2,23). The fungus produces 
lesions on leaves of rice plants throughout the growing season. 
During the late seedling and tillering stages of growth, severely 
infected plants often lose all leaves and are killed. The fungus 
also attacks the panicle of maturing plants and causes rotten neck 
or panicle branch infections, preventing grain filling, and causing 
severe yield loss. According to Goto (4), annual yield losses in 
Japan due to blast alone during 1953 to 1960 were estimated as 1.4 
to 7.3% of total expected yield, even where extensive chemical 
control practices were used. The management of this disease depends 
upon the ability to anticipate epidemic outbreaks to schedule 
appropriate actions for disease control.
Systems to forecast rice blast disease were reviewed Ono (22) 
and Kingsolver et al. (15). The association of specific weather 
conditions with blast Incidence has long been recognized (19). The 
earlier systems of blast forecasting were based largely on recording 
weather conditions favorable for disease development. In those 
systems factors of physical environment, such as temperature, dew 
period, relative humidity, rainfall, wind and sunshine were widely 
used, individually or in combination, as prediction factors (15,22). 
Based on these weather factors, simple or multiple regression 
equations have often been generated and used to predict blast 
development. Some prediction systems have been based entirely on
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the information concerned with the presence of inoculum or the 
nutritional status of the plants (6,7,16,18). In those approaches, 
the number of spores in the air; and starch, silica, and nitrogen 
content in leaf tissues were considered as prediction parameters. 
These methods, however, have not been widely adopted and utilized by 
growers for two reasons. They have been shown to be inaccurate or, 
if accurate, they are not available on a timely, regular and 
localized basis for use.
Recently, a computerized system for rice blast forecasting was 
developed by collaborating scientists at the International Rice 
Research Institute in Los Banos, Philippines, the International 
Center for Tropical Agriculture in Cali, Columbia, the Rural 
Development Administration in Suweon, Korea and the Pennsylvania 
State University.
This is the first report of the methods, procedures and 
machinery of that system. The system was designed to predict the 
initial occurrence and subsequent increase of rice blast disease 
with an on-site microcomputer which evaluate the duration of leaf 
wetness, relative humidity, and air temperature. The system is based 
on the daily accumulation of arbitrarily assigned values (0 to 8) of 
blast units of severity (BUS). The weather data are evaluated by an 
on-site microcomputer which, when positioned in the rice field, 
collects, interprets those data in relation to the likelihood of 
blast occurrence, and numerically displays the cumulative BUS 
valueB. The prototype units of the microcomputer, programmed to the 
specified algorithm and designed to operate on alkaline batteries,
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were manufactured by Omni Data International of Logan Utah.
The objectives of this research were to test the accuracy of 
this computerized forecasting system using two commercial rice 
production methods, flooded and upland conditions, and to improve 
this system with the Intention of developing a dependable, automated 
device to predict rice blast epidemics. Preliminary reports on 
portions of this research have been published elsewhere 
(9,10,11,12,13,14).
MATERIALS AND METHODS
Forecasting system. The system is based on an empirical model to 
determine periods when microenvironmental conditions were favorable 
for blast development. The model was derived and synthesized from 
previous research (5,8,15,22) and uses a combination of three main 
environmental factors to describe the observed relationships between 
blast development and its microenvironment. Mean air temperature, 
the hours of leaf wetness, and hours of relative humidity above 90% 
were combined to derive daily rating values of blast units of 
severity (BUS). The algorithm for BUS is listed in Table 1. As 
shown in the algorithm, mean temperature outside a range of 15 to 38 
C is considered to be unlikely weather for blast occurrence and is 
assigned a BUS value of 0, regardless of other factors. Within this 
temperature range, more than 9 hours duration of leaf wetness are 
required to obtain a given BUS value and thereafter, the value of 
BUS increases as leaf wetness hours increases. In addition,
120
temperatures between 19 and 29 C» particularly in the range 23-26 C, 
and greater than 16 hr of relative humidity above 90% are considered 
to be highly favorable conditions for blast development. According 
to this model, the most favorable condition for blast development is 
a mean temperature between 23 and 26 C, 24 hr of leaf wetness, and 
24 hr of high relative humidity. The value of BUS corresponding to 
this condition is given as 8 by the algorithm.
The model was computerized for rapid and accurate data analyses 
(Table 25 in the Appendix). The algorithm was incorporated into an 
on-site microcomputer (model BC-560, manufactured by Omnidata 
International, Inc., Logan, Utah 84321). The microcomputer was 
watertight. It operated on 8 alkaline batteries (size AA, 1.5 V) 
which last up to a year and had a leaf wetness sensor, a temperature 
sensor, and a relative humidity sensor. When positioned in the rice 
field, the microcomputer scanned its sensors eight times per hour, 
calculated daily the hours of leaf wetness, hours of relative 
humidity above 90%, average temperature derived from maximum and 
minimum temperature measurements, and derived BUS values. The 
microcomputer continuously displayed the cumulative BUS values for 
the season.
Cultural conditions. Two rice cultivars; M-201, susceptible to 
blast, and Brazos, partially resistant to blast, were used in the 
study. The experiments were carried out at the Rice Research 
Station, Crowley, Louisiana during the 1984 and 1985 growing 
seasons. Seeds were drill-planted in Crowley silt loam soil with a
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six-row planter with drills spaced 18 cm apart. Planting rate was 
112 kg/ha and plots were seeded on May 11, 1984 and May 6, 1985. 
Fertilizer was applied at planting at 672 kg/ha of 20-10-10 
(N-PgO^-^O). The herbicide, propanil was applied for weed control 
at the recommended rate (3.7 kg ai/ha) before the permanent flood. A 
split-plot design was employed in the study. Two irrigation 
practices, flooded or unflooded, were assigned to main plots and the 
two cultivars were assigned to subplots in each main plot. Each 
subplot consisted of 28-row drill strips 4.6 m long in 1984, and 
18-row drill strips 6.1 m long in 1985. The subplots were separated 
by a 0.9 m alley. Main plots were isolated from each other by
1.5 m wide earthen levees and 6.1 m wide ditches so that each main 
plot could be irrigated separately. After planting, all plots were 
irrigated and drained (flushed) periodically to facilitate 
germination and growth of seedlings. Irrigation and drainage of 
individual plots was by opening or closing a water gate on a PVC 
pipe 1.8 m long and 18 cm in diameter connected to each ditch. Main 
plots were either flooded or unflooded to simulate commercial 
flooded or upland rice production. In flooded plots the water was 
maintained at 5-15 cm in depth until 10 days before maturity. The 
upland (unflooded) plots were flushed only when necessary to 
maintain soil moisture for plant growth during prolonged dry 
periods. For this purpose, upland plots were flushed seven times in 
1984 and six times in 1985. Irrigation treatments began from 33 and 
29 days after planting in 1984 and 1985, respectively. Treatments 
were completely randomized to main plots with three replications.
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Monitoring the microclimate. Microclimate In flooded and upland 
plots was monitored by two of the on-site microcomputer units, which 
were each placed in a wooden weather shelter. The shelters were 
located, one in each, in a subplot of flooded and upland plots 
adjacent to each other 25 to 30 cm above ground In the center of the 
experiment area. The microcomputers were installed at 17 and 24 days 
after planting, 24 and 11 days before Inoculation, in 1984 and 1985, 
respectively. Sensors of temperature, relative humidity, and leaf 
wetness were calibrated in the laboratory or in the field by 
following the operator's manual. Weather data and BUS values were 
recorded at 1-2 day intervals from the microcomputer.
Inoculation and disease assessment. The field was inoculated with 
isolate 74L2 of race IH-1 of £. oryzae at 8 and 6 days from the 
beginning of irrigation treatments in 1984 and 1985, respectively.
A greenhouse-inoculated plant of M-201 having four susceptible type 
lesions was transplanted into the center of each subplot as a point 
Bource of inoculum. Disease progress was examined at 3 to 4 day 
intervals during the first month and at 7 to 14 day Intervals, 
thereafter in 1984. In 1985 disease progress was recorded at 7-day 
intervals. During the early part of the epidemic the number of 
susceptible type lesions (1) per tiller was counted based on 30 
tillers randomly selected in each subplot and marked with garden 
stakes at the beginning of the experiment. As disease progressed, 
this procedure was found to be difficult and time consuming. The 
percentage of diseased leaf area per tiller was then estimated with
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a rating scale based on 0 (0%) to 10 (100%). The number of lesions 
per tiller in the early examination period was converted into 
percentage of diseased leaf area per tiller by dividing average leaf 
area per tiller with a product of average lesion size and number of 
lesions per tiller. For this purpose, lesion size and leaf area per 
tiller were examined based on 15 to 27 plant samples taken from the 
field at the time of field disease assessment.
Data analysis. The data were analyzed using the Statistical 
Analysis System (SAS) through the IBM 3081 main frame computer in 
the System Network Computer Center, Louisiana State University. 
Cumulative BUS values were used as the independent variable to 
predict the logit of the proportion of disease severity (X) with a 
linear regression. Time in days was also used to predict logit (X) 
(24). The slopes and coefficients of determination were compared 
for the two equations using time in days and using BUS as 
independent variables. Cumulative BUS values were plotted against 
days to examine the relationship between the rate of BUS 
accumulation over days.
RESULTS
Blast development. There were major differences in disease 
development between upland and flooded plots (Fig. 1A-B). Disease 
progressed rapidly in upland plots, but was greatly reduced in 
flooded plots regardless of cultivar in both seasons. Final disease
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severity for the cultivars M-201 and Brazos in upland plots averaged 
67.4 and 48.2%, respectively, in 1984 (Fig. 1A) and 87.8 and 31.5%, 
respectively, in 1985 (Fig. IB). In flooded plots the final disease 
severity was less than 0.1% for both cultivars in 1984 and was 2.1% 
for M-201 and less than 0.1% for Brazos In 1985. Blast development 
on both cultivars in flooded plots increased continuously until 
18-21 days after Inoculation. The highest number of infections 
reached a mean of 7.6 per tiller for M-201 and 2.4 per tiller for 
Brazos in 1984 and then gradually decreased thereafter. In 1985, 
similar results were obtained with Brazos in the flooded plots.
Blast development on M-201 in flooded plots was significantly 
increased, reaching 4.8% 21 days after inoculation and then 
decreased.
BUS accumulations. In 1984 there were 98 and 108 BUS values 
accumulated in upland and flooded plots, respectively, for the 57 
day period after inoculation (Fig. 2). During the same time period 
in 1985, 53 and 120 values were recorded in upland and flooded 
plots, respectively. Daily BUS values ranged from 0 to 6, but were 
commonly from 1 or 2. Rarely were more than 3 units accumulated per 
day. The rate of BUS accumulation over time varied with year and 
irrigation practice and ranged from 1.0 to 2.2 per day. The rate 
was somewhat similar between upland and flooded plots in 1984, but 
cumulative BUS values were considerably higher in flooded plots in
1985.
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Relationships between BUS accunulatlon and blast development.
Cumulative BUS values (CBUS) were used as the Independent variable 
to predict the logit of disease severity (X) and were compared to 
time in days as a predictor of the logit of disease severity with 
simple linear regression. Under upland conditions, both CBUS and 
days were correlated with logit (X) (Table 2). Coefficients of 
determination for Individual epidemics when time in days was used as 
the independent variable, ranged from 0.678 to 0.795 for M-201 and 
from 0.610 to 0.680 for Brazos. The precision of estimates of logit 
(X) in the model was appreciably Improved, regardless of cultivar, 
when CBUS was used as the predictor of logit (X) rather than days. 
This was evident from the greater values for the coefficients of 
determination associated with the model when using CBUS. The 
coefficients of determination for individual epidemics in this model 
ranged from 0.735 to 0.913 for M-201 and from 0.710 to 0.825 for 
Brazos. The improved goodness of fit for CBUS in the logistic model 
was even greater in 1985. The coefficients of determination were 
less with Brazos than M-201. This may have been due to the field 
resistance of Brazos that became apparent after about mid-season.
The coefficients of regression slopes obtained from the linear model 
using days were significantly correlated with the slopes of the 
regressions using CBUS (r=0.656). Differences in unit change of 
logit (X) per CBUS between the two seasons were in some cases 
considerable within a cultivar under the same slope when calculated 
with days. Under flooded conditions, no relationship was found 
between logit (X) and either CBUS or days with either cultivar
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(Table 3). This was because no appreciable disease occurred under 
flooded conditions with either cultivar in either year.
DISCUSSION
Systems of disease forecasting based on weather indexing in relation 
to the likelihood of disease development have been developed with 
potato late blight and several other crop diseases by several 
researchers (3,17,20,21, 24,26). In those systems daily severity 
values, obtained from the evaluation of some key environmental data, 
functioned as epidemiological units of time for scheduling fungicide 
applications. Other units of time are needed because all days were 
not equally favorable for disease development. Mackenzie (20) 
proposed the use of severity values for standardization of epidemics 
that occur under variable weather conditions. For example, the 
comparison of epidemics in different locations is often difficult, 
since epidemics may vary from year to year and from location to 
location. The use of severity values rather than days as an 
independent variable in calculating the apparent infection rate may 
provide a standardized predictor for epidemics that occur in 
different times and regions. Based on this scheme, regional disease 
prediction may be facilitated.
In this study, the logistic model using BUS as a predictor of 
epidemics explained a relatively large portion of the statistical 
variability when plants were grown under upland conditions, but not 
under flooded conditions. The inappropriateness of the model using
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BUS under flooded conditions was due to the fact that plants become 
resistant to blast under flooded conditions. This observation 
indicates that flooding of the soil was a key environmental variable 
associated with the epidemic progress of blast.
The forecasting system tested in this study waB only based on 
air-temperature, leaf-wetness period, and relative humidity. It is 
interesting to note that accumulation of BUS values calculated from 
these three variables were higher under flooded conditions in both 
seasons. This suggested that blast development was favored by 
flooded conditions when these three weather factors were only 
considered. Despite the prediction that conditions favored an 
epidemic, little disease was observed under flooded conditions.
This suggested that soil moisture was probably a more important 
environmental factor than air temperature, leaf wetness or relative 
humidity for determining blast severity.
The results of this study clearly show that to improve accuracy* 
of the current model and to widen the applications of this 
forecasting system, the model needs to be modified to Include the 
effects of soil moisture on development of the blast epidemic. After 
quantification of the effects of soil moisture on blast development, 
the microcomputer units could be retrofitted with soil moisture 
probes and the algorithm for BUS adjusted. Further study is 
necessary in this area.
Although apparent infection rate using days as an independent 
variable was significantly correlated with the apparent infection 
rate using BUS as a predictor of logit disease under upland
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conditions, the degree of correlation was relatively low. This 
indicates that significant variation still existed among regression 
slopes using BUS when compared days as a predictor. In other words, 
one epidemic may have less disease per BUS than another epidemic and 
have the same apparent infection rates when calculated with days. 
These differences in the proportion of disease severity per BUS also 
indicated the presence of another important variable that was not 
Included in the current BUS model. Although the initial inoculum was 
uniform, there were large variations in disease severity at the time 
of the first disease assessment between epidemics under the same 
treatments. This suggests the possibility of differences in initial 
rate of disease development among plots. This may be another reason 
for the observed variation in amount of disease per BUS.
The variables associated with host plants (eg. resistance) and 
pathogen races (eg. virulence) should also be incorporated into the 
model, in addition to the environmental variables, to improve this 
computerized forecasting system. Future research in this area could 
make the blast forecasting system dependable, locally useful, and a 
widely distributed automatic device for predicting rice blast 
epidemics and scheduling fungicides.
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Table 1. Algorithm of blast units of severity (BUS) values as a 
function of ambient air temperature, leaf-wetness period and 
relative humidity
I. If Tern.<15 C or Tem.^38 C» then BUS=0.
II. If LW<9 hr, then BUS-0.
III. If Tem.>14 C, then BUS-LW/4 hr.
IV. If RH>16 hr, then BUS=(III)+(RH-12 hr)/6.
V. If Tern. <23 C or Tem.>26 C, then BUS=(IV)-2.
VI. If Tem.<19 C or Tem.>29 C, then BUS=(V)-2.
VII. If BUS<0, then set BUS-0.
Codes - Tem.: Temperature (C)
LW ; Hours of leaf wetness
RH : Hours of relative humidity above 90%
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Table 2. Comparison of regression coefficients and model fitness 
between the logistic models using time in days and those using 
cumulative blast units of severity (CBUS) values as Independent 
variables for the development of epidemics In upland plots of the 
cultivars, Brazos and M-201 in 1984 and 1985
Culti- Logit (X)b Slope0 R2d
var Year Rep. ________________  ____________  ___________
Minimum Maximum Days CBUS Days CBUS
M-201 1984 I -9.43 0.90 0.164 0.106 0.693 0.735
XI -9.90 0.21 0.162 0.105 0.705 0.746
III -8.22 1.13 0.156 0.101 0.747 0.788
1985 I -6.98 1.05 0.144 0.163 0.795 0.913
II -9.90 1.11 0.179 0.210 0.678 0.840
III -8.18 1.61 0.164 0.187 0.753 0.885
Brazos 1984 I -7.07 0.40 0.134 0.087 0.680 0.721
II -6.61 0.34 0.124 0.081 0.678 0.720
III -9.03 -1.03 0.136 0.088 0.678 0.710
1985 I -6.78 -0.16 0.105 0.125 0.610 0.784
II -11.51 -0.08 0.192 0.224 0.671 0.825
III -9.72 -0.56 0.156 0.182 0.667 0.823
a Replicated plots.
b The value of In [X/(1-X)]f where X is a disease severity
proportion. Disease severity was examined 11 and 9 times In 1984 
and 1985, respectively.
(J
Regression coefficients obtained from the regressions,
In [X/(l-X)]=days and In [X/(l-X)]**CBUS (cumulative blast units of 
severity).
d Coefficients of determination from regressions (c). All models 
were significant at P«0.05.
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Table 3. Comparison of regression coefficients and model fitness 
between the logistic models using time in days and those using 
cumulative blast units of severity (CBUS) values as an independent 
variables for the development of epidemics in flooded plots of the 
cultivars, Brazos and M-201 in 1984 and 1985
Culti- Logit (X)b Slopec R2d
var Year Rep.a ________________   ;________ ____________
Minimum Maximum Days CBUS Days CBUS
M-201 1984 I -9.11 -5.27 -0.002 -0.000 0.001 0.000
II -7.88 -5.48 -0.019 -0.010 0.084 0.080
III -10.13 -5.42 0.014 0.008 0.022 0.026
1985 I -8.68 -3.27 0.046 0.023 0.205 0.267
II -6.39 -2.47 0.026 0.015 0.128 0.213
III -9.43 -5.09 0.039 0.019 0.158 0.194
Brazos 1984 I -8.95 -6.19 -0.013 -0.006 0.033 0.021
II -11.51 -6.23 -0.005 -0.002 0.002 0.002
III -9.11 -6.20 -0.025 -0.014 0.197 0.191
1985 I -10.82 -7.82 0.011 0.006 0.032 0.049
II -10.41 -8.25 -0.010 -0.003 0.031 0.018
III -10.41 -7.82 -0.005 -0.001 0.006 0.002
£
Replicated plots.
b The value of In [X/(l-X)], where X is a disease severity
proportion. Disease severity was examined 11 and 9 times in 1984 
and 1985, respectively.
(*
Regression coefficients obtained from the regressions,
In [X/(l-X)]=days and In [X/(l-X)]“CBUS (cumulative blast unit of 
severity).
d Coefficients of determination from regressions (c). All models 
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Figure 1. Progress of rice blast disease on the rice cultivars M-201 
and Brazos grown In flooded and upland (unflooded) field plots at 
Crowley, Louisiana in 1984 (A) and 1985 (B). A point source of inoculum 
of ]P. oryzae was introduced into each plot at the mid-tillering stage.
136
1: flooded ( 1 9 8 5 )  
2: f looded (1884)  
3: upland (1984)  
4: upland ( 1 9 8 5 )
DAYS AFTER INOCULATION
Figure 2. Accumulation of dally blast units of severity (BUS) values in 
flooded and upland rice plots for the 57 day period following 
inoculation (June 21 to August 17 in 1984 and June 10 to August 6 in 
1985) at Crowley, Louisiana.
APPENDIX 
(Supportive Tables and Figures)
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Table 1. Weather data and dally blast units of severity (BUS) values
collected from a rice field plot under upland condition during the
epidemic period in 1984» at Crowley, Louisiana
& dRain- Temperature Hours Hours soil Disease
Date fall (C) of leaf of moisture0 BUS CBUS severity
(inch) Max Min wetness RH>90% M B
6-21 33.0 22.0 9. 9 1.968 0 0
6-22 32.0 23.0 D• * • * 0
6-23 33.0 23.0 * • • ■ 0
6-24 34.0 24.0 8 10 • 0 0
6-25 .25 33.0 23.0 14 17 * 1 1
6-26 33.0 23.0 15 19 • 2 3
6-27 33.0 23.0 15 19 • 2 5
6-28 .80 28.0 22.0 21 24 • 7 12
6-29 .02 28.0 23.0 ■ • 1.943 • • .01 .08
6-30 .13 27.2 23.1 • • 1.912 • 18
7-01 28.3 22.2 13 22 1.863 4 22
7-02 32.2 21.4 13 11 1.714 1 23 .16 .16
7-03 .31 32.6 23.8 • ■ 1.037 1 24
7-04 .10 34.3 23.1 12 9 .320 1 25
7-05 31.9 23.1 11 12 .160 0 25 2 2
7-06 .22 31.1 23.3 • • .132 • ■
7-07 .07 32.4 22.9 * • 1.285 • 30
7-08 30.5 23.6 13 15 1.363 1 31
7-09 32.0 22.2 17 5 1.354 2 33 3 4
7-10 .01 31.4 23.3 • • 1.185 6 39
7-11 .27 32.0 21.0 12 12 1.036 1 40
7-12 32.5 22.0 10 9 .423 0 40 11 16
7-13 29.6 23.0 • • .336 • •
7-14 .40 31.5 22.2 ■ ■ .661 ■ 48
7-15 .25 32.8 23.5 14 14 .897 1 49
7-16 .55 33.4 24.2 9 8 1.060 0 49 22 20
7-17 32.0 25.0 10 10 .952 0 49
7-18 32.0 24.4 10 15 .559 0 49
7-19 32.4 22.8 9 17 . .273 0 49 27 24
7-20 31.5 22.4 • ■ .160 • •
7-21 32.0 22.2 • • .245 • 54
7-22 33.6 22.1 13 10 .425 1 55
7-23 33.0 22.0 12 12 .251 1 56 29 27
7-24 32.0 19.0 8 10 .097 0 56
7-25 34.0 23.2 • • .115 • •
7-26 32.5 23.1 e • .098 • *
7-27 32.5 22.1 • ■ .490 • *
7-28 .20 31.8 22.3 « * .741 • 60
7-29 .10 29.7 22.3 18 18 .907 5 65
7-30 31.3 20.0 9 12 .942 2 67
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Table 1. (Continued)
7-31 31.7 20.3 10 11 .641 2 69
8-01 32.1 22.2 11 13 .237 0 69 36 31
8-02 .03 29.6 22.3 14 16 .236 3 72
8-03 31.8 23.0 • • 1.334 • •
8-04 .30 29.6 23.0 * • 1.504 • 75
8-05 .15 30.6 22.5 15 11 1.820 76
8-06 1.70 29.1 22.2 ■ ■ 1.830 • * 47 36
8-07 .04 32.4 23.1 • • 1.839 • 80
8-08 32.1 23.3 16 1.842 82
8-09 .02 31.2 22.6 • • 1.829 • •
8-10 34.2 22.2 • • 1.822 • •
8-11 .20 32.0 22.0 • • 1.806 * 91
8-12 33.0 21.0 18 • 93
8-13 30.0 20.0 • • # • •
8-14 30.0 20.0 • • • ■ 97
8-15 34.0 21.0 , 12 3 1.805 1 98
8-20 67 48
a The data obtained from the Rice Research Station, at Crowley,
Louisiana.
^ The data were not obtained.
The values are the output of CR-21 ranged from 0 (equivalent to 
above 15 bar) to 2.0 (equivalent to 0 bar). The values could be 
converted Into a bar scale using a following equation. Bar ■ 15.1 
-16.6(CR) + 4.7 (CR*CR), where CR=the output of CR-21.
^ Disease severity (%) on the cultivars M-201 (M) and Brazos (B).
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Table 2. Weather data and dally blast units of severity (BUS)
values collected from a rice field plot under flooded condition











RH >  90% BUS CBUS
6-21 33.0 22.0 10h 12 0 0
6-22 32.0 23.0 b* • • 0
6-23 33.0 22.0 • • • 0
6-24 34.0 23.0 11 11 0 0
6-25 .25 35.0 23.0 19 18 3 3
6-26 33.0 22.0 14 20 2 5
6-27 33.0 23.0 14 20 2 7
6-28 .80 28.0 22.0 21 24 7 14
6-29 .02 28.0 22.0 • • • •
6-30 .13 26.7 23.8 • • • 20
7-01 27.2 22.6 14 24 5 25
7-02 31.5 21.6 14 16 1 26
7-03 .31 31.3 24.0 ■ * 1 27
7-04 .10 32.0 23.2 12 13 1 28
7-05 30.8 23.4 12 17 1 29
7-06 .22 31.0 23.8 . • • •
7-07 .07 32.2 23.5 * • • 33
7-08 30.1 22.2 8 18 0 33
7-09 31.1 21.3 7 23 0 33
7-10 .01 29.8 24.1 • • 6 39
7-11 .27 32.0 21.0 13 21 2 41
7-12 32.4 21.0 11 13 0 41
7-13 30.2 23.0 * • • •
7-14 .40 31.1 23.1 • * ■ 49
7-15 .25 32.0 24.3 14 24 3 52
7-16 .55 33.5 24.9 9 22 0 52
7-17 30.0 25.7 8 21 0 52
7-18 31.8 25.2 13 19 2 54
7-19 31.1 23.8 15 22 2 56
7-20 30.2 23.0 • * * •
7-21 31.2 23.1 ■ • ■ 61
7-22 31.8 23.2 13 17 1 62
7-23 33.0 21.0 13 17 1 63
7-24 32.0 19.0 12 16 3 66
7-25 32.5 23.5 • • • ■
7-26 32.3 23.2 • • • •
7-27 31.8 22.4 • • * •
7-28 .20 31.3 22.4 • • • 70
7-29 .10 28.6 22.6 20 23 6 76
7-30 28.7 19.0 9 16 2 78
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Table 2. (Continued)
7-31 28.9 21.2 7 15 0 78
8-01 31.1 22.6 9 16 0 78
8-02 .03 28.5 22.9 8 20 0 78
8-03 31.5 23.3 * • • •
8-04 .30 28.3 22.9 • ■ * 84
8-05 .15 30.4 23.2 13 22 86
8-06 1.70 28.6 22.3 • • • •
8-07 .04 31.5 23.7 • • « 90
8-08 31.4 23.4 21 90
8-09 .02 30.6 23.0 • • • •
8-10 33.0 22.5 • • • •
8-11 .20 31.0 21.0 • • • 99
8-12 33.0 20.0 20 24 104
8-13 30.0 19.0 • • • ■
8-14 30.0 20.0 • • • 108
8-15 32.0 20.0 8 20 0 108
a The data obtained from 
Louisiana.
the Rice Research Station» at Crowley,
^ The data were not obtained.
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Table 3. Weather data and dally blast units of severity (BUS) values
collected from a rice field plot under upland condition during the
epidemic period in 1985* at Crowley* Louisiana
£}
Rain- Temperature Hours Hours soil Disease
Date fall (C) of leaf of moisturec BUS CBUS severity
(inch) Max Min wetness RH>90% M B
6-10 32.0 23.5 11.8 13 .607 0 0
6-11 30.5 22.4 17.8 22 1.972 3 3
6-12 .07 30.3 21.9 10.7 10 1.976 0 3
6-13 29.4 22.1 12.3 10h 1.961 3 6
6-14 30.8 18.5 11.2 D• 1.856 1 7
6-15 32.8 21.4 10.5 12 1.564 0 7
6-16 35.3 23.3 13.8 18 .971 0 7
6-17 .35 32.3 24.3 15.7 21 .579 2 9
6-18 1.10 27.4 21.4 16.5 24 1.958 6 15
6-19 2.25 ■ » • 24 • 5 20
6-20 .03 28.5 23.9 * • 1.894 1 21
6-21 30.0 23.0 12.2 « 1.806 2 23
6-22 • o Ln 31.4 24.4 14.8 14 1.601 1 24
6-23 32.7 23.5 14.3 13 1.119 1 25
6-24 33.9 23.8 13.3 12 .566 1 26
6-25 31.9 24.2 12.8 11 .605 1 27
6-26 32.7 • 13.3 13 .885 1 28
6-27 34.4 23.8 13.2 13 .600 0 28
6-28 32.3 23.4 8.3 * .427 0 28
6-29 31.2 21.3 13.0 11 .358 1 29
6-30 34.9 20.2 13.0 9 .332 1 30
7-01 32.7 22.8 9.7 11 .305 0 30
7-02 33.1 23.1 15.0 14 .433 1 31
7-03 29.7 23.0 17.5 19 1.239 3 34
7-04 27.2 22.5 16.3 18 1.337 5 39
7-05 .28 25.7 21.6 12.2 • 1.355 3 42
7-06 30.3 21.8 11.8 13 1.402 0 42
7-07 • • • 14 1.415 0 42
7-08 32.4 24.4 12.3 13 1.334 0 42
7-09 30.8 23.5 12.7 13 1.440 0 42
7-10 34.1 24.7 11.5 13 1.482 0 42
7-11 31.7 23.8 10.7 13 1.499 0 42
7-12 33.5 23.0 12.7 • 1.475 1 43
7-13 34.4 23.5 12.0 11 1.410 1 44
7-14 35.0 22.0 15.0 17 • 1 45
7-15 .02 32.7 25.7 12.5 13 .905 0 45
7-16 32.9 24.2 13.7 13 .964 1 46
7-17 1.97 29.9 22.8 12.3 13 1.128 1 47
7-18 32.3 24.1 13.5 • 1.392 1 48







7-20 29.8 23.5 15.8 13 1.471 2 52
7-21 1.40 33.0 22.0 9.0 10 • 0 52
7-22 32.9 25.7 9.0 14 1.531 0 52
7-23 33.5 24.8 10.8 14 1.532 0 52
7-24 33.0 24.7 8.3 13 1.501 0 52
7-25 33.0 24.7 9.7 13 1.590 0 52
7-26 34.0 23.9 11.3 ■ 1.591 0 52
7-27 34.4 25.2 12.2 19 1.615 0 52
7-28 .65 33.0 22.0 11.0 14 • 0 52
7-29 34.7 24.2 10.5 14 1.633 0 52
7-30 33.5 24.4 11.2 a 1.635 0 52
7-31 .28 33.5 25.1 9.3 14 1.668 0 52
8-01 34.7 25.7 ' 9.7 14 1.864 0 52
8-02 34.5 26.8 • 0 1.967 ■ •
8-03 .65 34.0 22.0 • 15 1.966 • •
8-04
8-05





The data obtained from the Rice Research Station, at Crowley, 
Louisiana.
The data were not obtained.
c The values are the output of CR-21 ranged from 0 (equivalent to 
above 15 bar) to 2.0 (equivalent to 0 bar). The values could be 
converted into a bar scale using a following equation, Bar = 15.1 
-16.6(CR) +4.7 (CR*CR)» where CR^the output of CR-21.
^ Disease severity (%) on the cultivars M-201 (M) and Brazos (B).
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Table 4. Weather data and dally blast units of severity (BUS)
values collected from a rice field plot under flooded condition












RH >90% BUS CBUS
6-10 32.0 22.7 13.0 13 1 1
6-11 30.5 22.1 18.0 23 3 4
6-12 .07 31.0 22.0 11.3 10 0 4
6-13 28.8 21.4 13.0 10h 3 7
6-14 30.8 17.8 12.3 D■ 3 10
6-15 32.8 21.1 12.8 13 1 11
6-16 34.7 22.4 14.7 18 2 13
6-17 .35 31.4 23.9 19.7 21 3 16
6-18 1.10 27.4 21.4 20.3 24 7 23
6-19 2.25 • • • 24 5 28
6-20 .03 29,1 23.5 • • 1 29
6-21 29.6 22.7 12.8 • 1 30
6-22 .05 31.0 24.1 12.5 16 1 31
6-23 31.6 22.8 13.2 16 1 32
6-24 32.4 22.9 12.7 17 1 33
6-25 31.4 23.3 12.3 15 1 34
6-26 31.2 • 23.7 17 3 37
6-27 31.9 23.2 14.3 16 1 38
6-28 30.5 22.4 24.0 • 4 42
6-29 29.2 19.6 21.5 15 5 47
6-30 30.9 18.2 24.0 15 6 53
7-01 31.4 21.2 23.7 14 3 56
7-02 32.2 22.5 14.0 17 1 57
7-03 29.1 21.8 18.2 23 5 62
7-04 26.9 21.6 17.5 21 5 67
7-05 * Is> CO 25.8 21.1 16.0 • 4 71
7-06 29.9 20.9 12.2 17 3 74
7-07 • • m 19 1 75
7-08 31.8 24.9 13.7 16 1 76
7-09 30.6 23.1 13.5 22 2 78
7-10 32.6 24.7 11.8 17 0 78
7-11 30.1 22.5 14.5 20 2 80
7-12 32.1 22.3 18.0 • 2 82
7-13 32.2 23.1 13.8 15 1 83
7-14 34.0 22.0 17.0 19 3 86
7-15 .02 31.3 25.5 14.8 22 2 88
7-16 32.4 23.7 14.2 18 2 90
7-17 1.97 30.3 22.3 15.8 20 2 92
7-18 32.2 23.7 15.5 • 1 93
7-19 .02 30.3 23.4 18.5 • 2 95
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Table 4. (Continued)
7-20 29.7 23.1 21.3 24 5 100
7-21 1.40 33.0 22.0 12.0 24 3 103
7-22 32.4 26.5 9.3 23 0 103
7-23 32.5 25.4 10.3 22 1 104
7-24 31.8 25.0 12.0 23 2 106
7-25 32.3 24.3 10.0 19 1 107
7-26 32.4 23.9 11.2 • 0 107
7-27 32.2 25.6 12.8 20 2 109
7-28 .65 33.0 22.0 14.0 21 2 111
7-29 32.9 24.5 10.8 20 1 112
7-30 30.6 24.7 13.5 • 1 113
7-31 .28 32.3 25.0 12.3 20 2 115
8-01 33.4 25.3 10.2 19 0 115
8-02 33.7 26.4 * • 0 115
8-03 .65 34.0 22.0 • 21 1 116
8-04 33.0 22.0 • 19 2 118
a The data obtained from the Rice Research Station, at Crowley,
Louisiana.
The data were not obtained.
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Table 5. Final disease severity (%) of the cultivars M-201 and
Brazos as influenced by the various water-management practices in
1984 experiment
Treatment M-2013 Brazos
I II III I II III
Continuous flooded .05 .04 .03 .01 .01 .01
Flooded to upland .05 .02 .03 .01 .04 .01
Continuous upland 71.2 55.3 75.6 26.2 59.9 58.5
Upland to flooded 55.0 37.2 59.3 8.1 24.4 17.7
Each cultivar had three replications indicated by I, II and III.
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Table 6. Analysis of variance for final disease severity (%) of the
cultivars M-201 and Brazos as influenced by various water-management
practices in the 1984 experiment
Source df SS MS F Pr, F
Total 23 17894.08
Block (A) 2 166.50 83.25 0.70 .5258
Treatment (B) 3 14268.86 4756.29 39.84a .0001
A x B 6 242.42 40.40 0.34 .8981
Cultivar (C) 1 1052.44 1052.44 8.82 .0179
B x C 3 1208.88 402.96 3.38 .0750
Error 8 954.48 119.31
£
Using the MS for A x B as an error term.
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Table 7. Final disease severity (%) of the cultivars M-201 and
Brazos as influenced by the various water-management practices in
1985 experiment
Treatment M-201a Brazos
I II III I II III
Continuous flooded 2.2 4.1 .1 .01 .01 .01
Flooded check^ .01 .01 .01 .01 .01 .01
Flooded with 2 N 4.1 7.7 1.3 .1 .1 .1
Flooded to upland ( J ) C .3 2.9 .9 .01 .01 .01
Flooded to upland (P)d 15.1 .8 .6 .01 .01 .01
Continuous upland 88.7 84.7 90.0 45.6 32.7 16.2
Upland check e 3.8 1.5 1.3 .1 .1
Upland to flooded ( J ) 61.3 63.3 .60.7 3.9 3.8 2.3
Upland to flooded <P) 66.7 70.7 76.7 4.4 6.3 10.3
£
Each cultivar had three replications indicated by I, II and III.
k A fungicide Beam was sprayed five times at 7-16 day intervals.
Change of water treatment was made at the mid-jointing stage (J).
d Change of water treatment was made at the Btage of panicle 
emergence (F).
No datum obtained due to a failure in controlling blast.
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Table 8. Analysis of variance for final disease severity (%) of the
cultivars M-201 and Brazos as Influenced by various water-management
practices In the 1985 experiment
Source df SS MS F Pr, F
Total 53 41018.08
Block (A) 2 62.63 31.31 .85 .4455
Treatment (B) 8 23200.73 2900.09 69.41a .0001
A x B 16 668.47 41.78 1.13 .3991
Cultivar (C) 1 7005.08 7005.08 189.27 .0001
B x C 8 9414.98 1176.87 31.80 .0001
Error 18 666.21 37.01
a Using the MS for A x B as an error term.
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Table 9. Analysis of variance for yield (kg/ha) of the cultivars
M-201 and Brazos as influenced by various water-management practices
in the 1984 experiment
Source df SS MS F Pr, F
Total 23 53511060.00
Block (A) 2 1971750.25 985875.12 3.58 .0774
Treatment (B) 3 34135657.67 11378552.56 41.35a .0001
A x B 6 2241452.08 373575.35 1.36 .3353
Cultivar (C) 1 9690104.16 9690104.16 35.21 .0003
B x C 3 3270658.83 1090219.61 3.96 .0530
Error 8 2201437.00 275179.62
£
Using the MS for A x B as an error term.
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Table 10. Analysis of variance for yields (kg/ha) of the cultivars
M-201 and Brazos as influenced by various water-management practices
in the 1985 experiment
Source df SS MS F Pr, F
Total 52 242355727.6
Block (A) 2 1832008.7 916004.4 3.18 .0673
Treatment (B) 8 136344837.5 1704310.7 19.23a .0001
A x B 16 14183094.2 886443.4 3.07 .0136
Cultivar (C) 1 74645387.5 74645387.5 258.87 .0001
B x C 8 13559086.6 1694885.8 , 5.88 .0011
Error 17 4901942.9 288349.6
a Using the MS for A x B as an error term.
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Table 11. Mean total nitrogen content (% dry weight) in leaf 
tissues of the cultivars M-201 and Brazos as influenced by 




Flooded 2.55 2.39 2.47 a
Flooded with 2x N 2.62 2.61 2.62 a
Upland 3.00 2.98 2.99 b
Mean 2.72 2.66
Source df SS MS F Pr, F
Total 125 126.86
Time (A) 6 81.77 13.62 57.45 .0001
Treatment (B) 2 7.61 3.80 10.35 .0001
Cultivar (C) 1 .05 .05 .02 .6317
A x B 12 8.91 .74 3.13 .0010
A x C 6 2.28 .38 1.60 .1563
B X C 2 .25 .12 .53 .5931
A x B x C 12 6.04 .50 2.12 .0237
Error 84 19.93 .32
£
Leaf samples were sequentially collected 7 times at 6-14 day 
intervals from the three replicated plots of each treatment.
^ The means followed by a common letter are not significantly
different according to LSD test (P-.05).
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Table 12. Mean phosphorus content (mg/kg) In leaf tissues of the
cultivars M-201 and Brazos as influenced by water-management






Flooded 1954 1904 1929 a
Flooded with 2x N 1971 1918 1944 ab
Upland 1872 1792 1832 b
Mean 1932 1871
Source df SS MS F Pr, F
Total 179 27178770.68
Time (A) 9 15678743.06 1742082.56 40.34 .0001
Treatment (B) 2 421616.47 210808.24 4.88 .0092
Cultivar (C) 1 130222.90 130222.90 3.02 .0850
A x B 18 2854111.45 158561.75 3.67 .0001
A x C 9 2340474.61 1170237.30 6.02 .0001
B x C 2 390.80 195.40 .00 .9955
Ax B x C 18 571134.89 31729.72 .73 .7695
Error 120 5182076.50 43183.97
Leaf samples were sequentially collected 10 times at 6-14 day 
intervals from the three replicated plots of each treatment.
The means followed by a common letter are not significantly
different according to LSD test (P=.05).
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Table 13. Mean potassium content (mg/kg) In leaf tissues of the
cultivars M-201 and Brazos as Influenced by water-management






Flooded 16805 17890 17348 a
Flooded with 2x N 16264 17466 16865 a
Upland 17190 19001 18096 b
Mean 16753 18119
Source df SS MS F Pr, F
Total 179 3813871697
Time (A) 9 3196700968 355188996 174.67 .0001
Treatment (B) 2 61122849 30561424 15.03 .0001
Cultivar (C) 1 93473349 93473349 45.97 .0001
A x B 18 82904413 4605800 2.26 .0047
A x C 9 87917303 9768589 4.80 .0001
B x C 2 8077621 4038810 1.99 .1417
A x B x C 18 39656192 2203121 1.08 .3770
Error 120 244018998 2033491
£
Leaf samples were sequentially collected 10 times at 6-14 day 
Intervals from the three replicated plots of each treatment.
^ The means followed by a common letter are not significantly
different according to LSD test (P=.05).
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Table 14. Mean silica content (% dry weight) in leaf tissues of
the cultivars M-201 and Brazos as influenced by water-management






Flooded 8.09 7.24 7.67 a
Flooded with 2x N 7.74 6.92 7.33 a
Upland 3.59 3.75 3.67 b
Mean 6.47 5.97
Source df SS MS F Pr, F
Total 179 2145.41
Time (A) 9 982.27 109.14 54.71 .0001
Treatment (B) 2 610.03 305.01 152.90 .0001
Cultivar (C) 1 10.91 10.91 5.47 .0210
A x B 18 199.31 11.07 5.55 .0001
A x C 9 42.51 4.72 2.37 .0169
B x C 2 10.38 5.19 2.60 .0783
A x B x C 18 50.60 2.81 1.41 .1393
Error 120 526.44 1.99
A
Leaf samples were sequentially collected 10 times at 6-14 day 
intervals from the three replicated plots of each treatment.
The means followed by a common letter are not significantly
different according to LSD test (P=,05).
156
Table 15. Mean manganese content (mg/kg) in leaf tissues of the
cultivars M-201 and Brazos as influenced by water-management






Flooded 662.6 842.7 752.6 a
Flooded with 2x N 687.0 872.3 779.6 a
Upland 340.4 425.2 382.8 b
Mean 563.3 713.4
Source df SS MS F Pr, F
Total 179 14560194.89
Time (A) 9 1864356.91 207150.77 9.16 .0001
Treatment (B) 2 5936002.16 2968001.08 131.29 .0001
Cultivar (C) 1 1001579.61 1001579.61 44.31 .0001
A x B 18 1558927.16 86607.06 3.83 .0001
A x C 9 967971.88 107552.43 4.76 .0001
B x C 2 101250.82 50625.41 2.24 .1110
A x B x C 18 417338.71 23185.48 1.03 .4368
Error 120 2712767.63 22606.40
£
Leaf samples were sequentially collected 10 times at 6-14 day 
Intervals from the three replicated plots of each treatment.
k The means followed by a common letter are not significantly
different according to LSD test (P=.05).
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Table 16. Mean sulfur content (mg/kg) In leaf tissues of the
cultivars M-201 and Brazos as Influenced by water-management






Flooded 1916 1823 1870 a
Flooded with 2x N 2046 1882 1964 a
Upland 2576 2574 2575 b
Mean 2179 2093
Source df SS MS F Pr, F
Total 179 117266050.55
Time (A) 9 81936913.28 9104101.48 138.26 .0001
Treatment (B) 2 18162322.04 9081161.02 137.92 .0001
Cultivar (C) 1 212647.19 212647.19 3.23 .0748
A x B 18 6508497.04 361583.17 5.49 .0001
A x C 9 1140656.09 126739.57 1.92 .0546
B x C 2 355663.57 177831.78 2.70 .0712
A x B x C 18 1047859.99 58214.44 .88 .5984
Error 120 7901491.36 65845.76
Leaf samples were sequentially collected 10 times at 6-14 day 
intervals from the three replicated plots of each treatment.
The means followed by a common letter are not significantly
different according to LSD test (P=.05).
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Table 17. Mean sodium content (mg/kg) In leaf tissues of the
cultlvars M-201 and Brazos as Influenced by water-management






Flooded 542.5 441.7 492.1 a
Flooded with 2x N 470.3 406.7 438.5 a
Upland 195.7 124.6 160.2 b
Mean 402.8 324.3
Source df . SS MS F Pr, F
Total 179 12885826.68
Time (A) 9 4770444.57 530049.40 22.62 .0001
Treatment (B) 2 3717184.39 1858592.20 79.31 .0001
Cultivar (C) 1 244563.89 244563.89 10.44 .0016
A x B 18 494202.88 27455.71 1.17 .2954
A x C 9 458868.77 50985.42 2.18 .0283
B x C 2 16783.05 8391.52 .36 .6998
A x B x C 18 371607.18 20644.84 .88 .6021
Error 120 2812171.93 23434.76
Leaf samples were sequentially collected 10 times at 6-14 day 
intervals from the three replicated plots of each treatment.
k The means followed by a common letter are not significantly
different according to LSD test (P=.05).
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Table 18. Mean magnesium content (mg/kg) in leaf tissues of the
cultlvars M-201 and Brazos as influenced by water-management






Flooded 1348 2028 1688
Flooded with 2x N 1392 2034 1713
Upland 1465 2043 1754
Mean 1402 2035
Source df SS MS F Pr, F
Total 179 36920260.38
Time (A) 9 10663240.82 1184804.54 31.29 .0001
Treatment (B) 2 110620.77 55310.39 1.46 .2362
Cultivar (C) 1 18111739.37 18111739.37 478.34 .0001
A x B 18 1204757.00 66930.94 1.77 .0370
A x C 9 1308522.37 145391.37 3.84 .0003
B x C 2 72211.11 36105.56 .95 .3883
A x B x C 18 905524.95 50306.94 1.33 .1822
Error 120 4543643.99 37863.70
Leaf samples were sequentially collected 10 times at 6-14 day
intervals from the three replicated plots of each treatment.
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Table 19. Mean calcium content (mg/kg) in leaf tissues of the
cultivars M-201 and Brazos as influenced by water-management
practices, and its analysis of variance in the 1985 experiment
Treatment Cultivara Mean^
M-201 Brazos
Flooded 2699 2580 2640 a
Flooded with 2x N 2674 2557 2616 a
Upland 2144 2492 2318 b
Mean 2506 2543
Source df SS MS F Pr, F
Total 179 101806686.91
Time (A) 9 68716116.47 7635124.05 90.48 .0001
Treatment (B) 2 4258331.41 2129165.70 25.23 .0001
Cultivar (C) 1 40499.99 40499.99 0.48 .4898
A x B 18 10249223.70 569401.28 6.75 .0001
A x C 9 2459617.55 273290.84 3.24 .0015
B x C 2 1965615.63 982807.82 11.65 .0001
A x B x C 18 3990916.14 221884.23 2.63 .0010
Error 120 10126366.00 84386.38
Leaf samples were sequentially collected 10 times at 6-14 day 
intervals from the three replicated plots of each treatment.
^ The means' followed by a common letter are not significantly
different according to LSD test (P^.OS).
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Table 20. Mean aluminum content (mg/kg) in leaf tissues of the
cultivars M-201 and Brazos as Influenced by water-management






Flooded 17.9 15.1 16.5
Flooded with 2x N 19.7 18.8 19.2
Upland 19.3 18.9 19.1
Mean 19.0 17.6
Source df SS MS F Pr, F
Total 179 77058.87
Time (A) 9 12142.57 1349.17 3.72 .0004
Treatment (B) 2 395.98 197.99 .55 .5809
Cultivar (C) 1 47.51 47.51 .13 .7181
A x B 18 9134.41 507.47 1.40 .1444
A x C 9 1774.77 197.20 .54 .8401
B x C 2 89.28 44.64 .12 .8843
A x B x C 18 9936.60 552.03 1.52 .0939
Error 120 43537.73 362.81
£
Leaf samples were sequentially collected 10 times at 6-14 day
intervals from the three replicated plots of each treatment.
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Table 21. Mean boron content (mg/kg) In leaf tissues of the
cultivars M-201 and Brazos as influenced by water-management





Flooded 25.6 24.6 25,1
Flooded with 2x N 27.6 24.0 25.8
Upland 25.7 24.6 25.2
Mean 26.3 24.4
Source df SS MS F Pr, F
Total 179 32852.15
Time (A) 9 18513.78 2057.07 33.41 .0001
Treatment (B) 2 15.25 7.62 .12 .8836
Cultivar (C) 1 77.83 77.83 1.26 .2632
A x B 18 932.84 51.82 .84 .6485
A x C 9 4298.60 477.62 7.76 .0001
B x C 2 146.90 73.45 1.19 .3069
A x B x C 18 1477.62 82.09 1.33 .1796
Error 120 7389.35 61.58
g
Leaf samples were sequentially collected 10 times at 6-14 day
intervals from the three replicated plots of each treatment.
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Table 22. Mean copper content (mg/kg) In leaf tissues of the
cultlvars M-201 and Brazos as Influenced by water-management






Flooded 12.7 9.9 11.3
Flooded with 2x N 10.0 9.6 9.8
Upland 11.6 12.5 12.0
Mean 11.4 10.7
Source df SS MS F Pr, F
Total 179 13145.56
Time (A) 9 2751.31 305.70 5.77 .0001
Treatment (B) 2 184.57 92.28 1.74 .1794
Cultivar (C) 1 10.71 10.71 .20 .6537
A x B 18 1134.93 63.05 1.19 .2793
A x C 9 727.69 80.85 1.53 .1459
B x C 2 171.61 85.80 1.62 .2021
A x B x C 18 1811.40 100.63 1.90 .0217
Error 120 6353.33 52.94
Leaf samples were sequentially collected 10 times at 6-14 day
Intervals from the three replicated plots of each treatment.
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Table 23. Mean Iron content (mg/kg) in leaf tissues of the
cultivars M-201 and Brazos as Influenced by water-management






Flooded 93.9 82.8 88.4
Flooded with 2x N 92.2 88.5 90.4
Upland 93.6 89.4 91.5
Mean 93.2 86.9
Source df SS MS F Pr, F
Total 179 190703.89
Time (A) 9 41844.70 4649.41 5.61 .0001
Treatment (B) 2 453.59 226.80 .27 .7610
Cultivar (C) 1 1428.90 1428.90 1.72 .1916
A x B 18 29840.50 1657.80 2.00 .0144
A x C 9 6204.42 689.38 .83 .5881
B x C 2 671.30 335.65 .41 .6678
A x B x C 18 10821.27 601.18 .73 .7793
Error 120 99439.23 828.66
£
Leaf samples were sequentially collected 10 times at 6-14 day
intervals from the three replicated plots of each treatment.
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Table 24. Mean zinc content (mg/kg) In leaf tissues of the
cultivars M-201 and Brazos as Influenced by water-management






Flooded 63.8 38.5 51.2
Flooded with 2x N 42.0 40.5 41.2
Upland 47.9 42.5 45.2
Mean 51.2 40.5
Source df SS MS F Pr, F
Total 179 329162.86
Time (A) 9 37342.00 4149.11 2.78 .0054
Treatment (B) 2 3037.86 1518.93 1.02 .3641
Cultivar (C) 1 4714.40 4714.40 3.16 .0779
A x B 18 50876.14 2826.45 1.90 .0222
A x C 9 15766.73 1751.86 1.18 .3170
B x C 2 5145.55 2572.78 1.73 .1824
A x B x C 18 33393.19 1855.18 1.24 .2378
Error 120 178886.98 1490.72
g
Leaf samples were sequentially collected 10 times at 6-14 day
Intervals from the three replicated plots of each treatment.
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Table 25. An example of computer program for the calculation of BUS 
(blast units of severity), written for TRS-80 handheld computer
10 "A" PAUSE "RICE BLAST FORECASTER"
20 PAUSE "FUNCTIONS AVAILABLE:”
30 PRINT "A:SHOW FUNCTIONS"
40 PRINT "C:CLEAR MEMORY"
50 PRINT "DiDISPLAY CUM.BUS"
60 PRINT "S:SET STORED VALUES"
65 PRINT "=:RESTART UPDATE"
70 END
80 "C" BEEP1:PAUSE "CLEAR MEMORY"
85 INPUT "CONTINUE? (Y/N) ";Z$:IF Z$="Y" CLEAR:Y 5E55:BEEP:PRINT 
"MEMORY CLEARED!!":END
86 IF Z$="N" END
87 GOTO 85
100 "B" PAUSE "UPDATE BUS TOTAL"
105 IF Y05E55 GOTO 500
110 A=A+1
120 "=" INPUT "MIN TEMP? ";C
130 INPUT "MAX TEMP? ";D:IF D«C BEEF2:GOTO 130
140 E=(C+D)/2:PAUSE "AVG.TEMP";E
150 INPUT "HOURS OF LEAF WETNESS?,f;F:IF F>24 BEEP2:G0T0 150
160 INPUT "HOURS RH>90Z?";G:IF G>24 BEEP2:GOTO 160
180 PAUSE "CALCULATING BUS..... "
190 IF E<15 LET 1=0:GOTO 300
195 IF E>38 LET I=0:GOTO 300
200 IF F<9 LET 1=0 GOTO 300
210 IF E>14 LET I=F/4
220 IF G>16 LET I=I+(G-12)/6
230 IF E<23 LET 1=1-2
235 IF E>26 LET 1=1-2
240 IF E<19 LET 1=1-2
245 IF E>29 LET 1=1-2
250 IF I<0 LET 1=0 ■
260 I=INT(I+.5):B=B+1
300 BEEP 3
305 BEEP2:PRINT "TODAY'S BUS IS";I
310 BEEP2:PRINT "DAYS ELAPSED=";A
320 BEEP2:PRINT "CUMULATIVE BUS IS";B
330 END
500 FOR W=1 TO 5:BEEP1:PAUSE "**** MEMORY ALTERED ****":NEXT W 
GOTO "C"510
600 "S" PAUSE "SET STORED VALUES"
610 INPUT "ELAPSED DAYS";A
620 INPUT "CUM. BUS";B
630 Y=5E55
640 END
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Figure 1. Changes In soil moisture in an upland rice plot during the 
period of blast epidemics in 1984 (A) and 1985 (B) at Crowley, 
Louisiana. The soil moisture was monitored using a soil moisture block 
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Figure 2. Changes In the number of new Infections of Pyrlcularla oryzae 
examined at 3-5 day intervals on the upper two leaves of the cultivars 
M-201 (A) and Brazos (B) grown In field plots under different 
water-management practices at Crowley, Louisiana In 1985. A dotted line 
indicates the time of treatment change from flooded to upland or upland 
to flooded conditions.
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